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The present inventioD discloses humanized chimeric antibodies which are capable of binding to the intercellular adhesion 
molecule ICAM-1. Specifically, disdosed are humanized anti-ICAM-1 antibodies of the IgGl, IgG2, and IgG4 subtype. Tliese 
antibodies are useful in treating spedfic and non-specific inflammation, rhinoviral infection, HIV infection, the dissemination of 
HIV infected cells, and asthma. In addition, the humanized antibodies disclosed can be useful in methods of diagnosing and lo- 
calizing sites of inflammation and infection and tumors expressing ICAM-1. 
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HI TMANTZIgP CHIMERIC ANTI-ICAM-l ANTIBODIES, METHODS 
OF PREPARATION AND USE 



Qf ftg ^nvpntign; 

The preset invention relates to a chimenc antibody molecule, and 
S especially a humanized diinieric antibody molecule, having spedGsAty for an 
antig^ detenninant of Intercellular Adhe^n Molecule 1 (ICAM-1), to a 
process for its production using recombinant DNA tedinology and to its 
theraq)eutic use. 

In the present lyjplication, the term "chim^c antibody molecule" is 
10 used to describe an antibody molecule having heavy and/or light chains 
comprising at least the variable regions of heavy and/or light diains d^ved 
for one immunoglobulin molecule linked to at least part of a second protdn. 
The second protein may c(Miq>rise additional antibody constant regions 
domains derived irom a different immunoglobulin molecule or a non- 
15 immunogld>ulin protein. The t^m "humanized diimeric antibody molecule" 
is used to describe a molecule having heavy and light chain variable region 
domains derived from an immunoglobulin from a non-human spedes, the 
remaining immunoglobulin ccmstant region domains of the molecule being 
derived firom a human immunoglobulin. The abbreviation "MAb" is used to 
20 indicate a monodonal antibody. 

The present invoition also relates to the use of chimeric antibodies 
capable of binding to ICAM-1 to inhibit int^cellular adhesion of cells of 
granulocyte or macrqdmge lineage. The use of such molecules provides a 
mediod for the treatment of specific and non-specific mflammaticHi, 
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The present invention also relates to chimmc antOxxiy capablt of 
binding ICAM-1 in the treatment of viial, and particulaiiy ibinovind disease. 

The invration also rdates to therq)eutic and prophylactic methods for 
suppressing the infection of leukocytes with HIV, and particularly with HIV-1» 
in an individual who is exposed to HIV or efiected by HIV, and is thus in 
need of such suppres^on through the administration of a chimeric antibody 
c^>able of binding ICAM-1 . It therefore provides a then^y for diseases, 
sudi as AIDS (Acquired Immunodeficiency Syndrome) which are caused by 
the HIV virus. 

The invention also relates to a dierapeutic method for suppressing the 
migration of HIV-1 infected cells firom the drculatory system using chimmc 
antibodies csQ»able of binding ICAM-1 . It therefore provides a therapy for 
diseases, such as AIDS (Acquired Immunodeficiency Syndrome) which are 
caused by the HIV-1 virus. 

The preset invention relates to the use chimeric antibodies capable of 
binding ICAM-1 in the treatment of asthma. 

Background of the Invention 

A. Humanized antibodies 

Natural immunoglobulins have been known for many years, as have 
the various ftagments thereof^ such as the Fab, (Fab')2 and Fc iragmrats, 
which can be derived by oizymatic cleavage. Natural immunoglobulins 
comprise a generally Y-shaped molecule having an antigen-binding site 
towards the free end of eadi upper arm. Theremainderof the structure, and 
particularly die stem of the Y, mediates the effector functions associated with 
inununoglobulins. 

Natural immunoglobulins have been used in assay, diagnosis and, to 
a more limited extoit, thmpy. However, such uses, eq)ecia]ly in iherdpy, 
have bcffl hindoed by the polyclonal nature of natural immunoglobulins. A 
significant step towards tiie realization of the potential of immunoglobulins as 
ther!Q)eutic agents was the discovery of techniques for the preparaticm of 
monoclonal antibodies of defined specificity (Kohler et al,. Nature 265:295- 
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497 (1975)). However, most MAbs aie produced by fusions of rodent sple^ 
cells with lodmX myeloma ceils. They are therefore essratially rodent 
proteins. There are very few reports of the production of human MAbs. 

Since most available MAbs are of rodent origin, they are naturally 
5 antigenic in humans and thus can give rise to an undesirable immune response 
termed the HAMA (Human Anti-Mouse Antibody) response. Therefore, the 
use of rodrat MAbs as therapeutic agents in humans is inherently limited by 
the feet that the human subject will mount an immunological response to the 
MAb and will either r^ove it entirely or at least reduce its effectiveness. In 
10 practice MAbs of rodent origm may not be used in apatient for more than one 
or a few treatments as a HAMA response soon develops rendering the MAb 
ineffective as well as giving rise to undesirable reactions. 

Proposals have therefore be^ made for making non-human MAbs less 
antigenic in humans. Such techniques can be genericaUy termed 
15 "humanization* tedmiques. These techniques generally involve the use of 
recombinant DNA tedmology to manipulate DNA sequ^ces encoding the 
polypeptide diains of the antibody molecule. 

In particular one procedure which has bee proposed for the preparation 
of humanized antibodies is the so-called cMmerization procedures. 
20 Such chimerization procedures involve production of chimeric 

antibodies in which an antigen binding site comprising the complete variable 
domains of one antibody is linked to constant domains derived from anoth^ 
antibody. Some eady m^faods for carrying out such a diimerization 
procedure are described in EP-A-0120e94 (Cdltech Limited), EP-A-0125Q23 
25 (GttiaUech Inc. and Qty of Hope), EP-A-01714906 (Res. Dev. Corp. Japan), 
EP-A-0173494 (Stanford University), EP-A-0194276(CMltechLim The 
latter Cdltedi implication also ^ows the production of an antibody molecule 
conqmsing die variable domains of a mouse MAb, the CHI and CL domains 
of a human immunoglobulin, and- a non-immunoglobulin derived protein in 
30 place of the Fc portion of the human immunoglobulin. 
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B. Lenkpcvte AttachmKit and Funcrions 



Leukocytes and granulocytes must be able to adhere to cdlular 
substrates in order for an inflammatory response to occur and to properly 
defend the host against fordgn invaders such as viruses, bacteria, and 
anecgens. This feet has become evident fiom two converging lines of 
res^rch. 

The Sist line of researdi involves studies of leukocyte membrane 
proteins (Wallis, W.J-, et al., J. bnmwtoL 135:2323-2330 (1985); Mentzer, 
SJ., er a., J, Cett. Physiol 125:285-290 (1986); Haskard, D.O., et al., J. 
Immunol JJ7.2901-2906 (1986); Harian, J.M., et al.. Blood 65:167-178 
(1985)). Of particular importance to the process of cellular adhesion is a 
family of leukocyte membrane protdns known as the "GDIS** family or 
contplex* This &mily consists of three hetenxlimers (known as ''Mac-l/ 
TJFA-l," and T150,90"), all of whidi share a common subunit (known as 
the £ subunit) and a unique subunit (known as the a subunit) (Springer, T.A*, 
et id,, bnmunol Bev. (S8:lll-135 (1982); Springer, T., etal., Fed, Prvc 
44:2660-2663 (1985); Kazer, G., et al., Eur. J. Immunol 15:1142-1147 
(1985); Sanchez-Madrid, F., et al„ 7. Eq>er. Med. 155:1785-1803 (1983)). 

Monoclonal antibodies against the CD18 family of l^ikocyte membrane 
proteins, by acting as antagonists of these proteins, inhibit a multitude of 
leukoqrte adhesion dq)endent evmts in vitro. This includes the ability of 
granulocytes to aggregate in response to s^ropriale stimuli, the ability of 
granulocytes to attadi to protdn coated plastic, the ability of granulocytes tt> 
migrate in 2-^maisicmal agarose assays, and the abili^ of granulocytes to 
attadi to ffldc^hdial cdls. 

The second^line of research results from studies involving individuals, 
who, due to an inherited flaw in the g«ie encoding for the conunon subunit 
of Ae CD18 fiunily of leukocyte- adhesion molecules, are unable to eiqiress 
any of these adhesira molecules on the surfaces of their cells. Such in- 
dividuals are said to suffer firora "leukocyte adherence deficioicy disease" 



10/11/2006, EAST Version: 2.1.0.14 



wo 91/16928 



PCr/US9l/02946 



CLAD") (Anderson, D.C., et o/.. Fed. Proc. 4^:2671-2677 (1985); 
Anderson, D.C, da!., J. Infect. Dis. 752:668-689 (1985)). Chaiacteistic 
features of LAD patients include necrotic soft tissue lesions, impaired pus 
formadon and wound healing, as well as abnormalities of adhesion-depend^t 
5 leukocyte fun^cms in vitro , and suscq>tibility to chronic and recurring 
bacterial infections. Granulocytes from these LAD patients bdiave in the 
same defective manna- in vitro as do their ncmnal counterparts in the presence 
of anti-CD18 monoclonal andbody. Hiat is, th^ are unable to perform 
adhesion related functions such as aggregation or attadiment to oidothelial 
10 cdls* More importantly, howev^, is the observation that these patients are 
unable to mount a normal inflammatory response because of the inability of 
thdr granulocytes to attach to cellular substrates. Most remarkable is the 
observation that granulocytes from these LAD patients are unable to get to 
ates of inflammation sudi as skin infections due to their inability to attach to 
15 the oidotheiial cells in the blood vessels near the inflammation lesions. Such 
attachment is a necessary step for extravasation. 

Thus, in summary, die ability of lymphocytes and granulocytes to 
maintain the health and viability of an animal requires that they be oq^able of 
adhering to other cdls (such as endothelial ceUs). Granuloc^te-ffldodielialcell 
20 adhemce has been found to require cell-cell contacts whidi involve specific 
recq)tor molecules present on the granulocyte cdl surface. These receptors 
enable the leukocyte to adhere to oth^ leukocytes or to endothelial, and other 
noiHvascular cells. 

Hie cell sur&ce receptor molecules of leukocytes have been found to 
25 be highly related to one another. Humans whose leukocytes lack these cell 
sur&ce recq>tor mdecules exhibit chronic and recurring infections, as wdl as 
other clinical symptoms. Lifiammaticm reactions are ^mitigated when 
leukocytes are unable to adhere in a normal fasidm due to the lack of 
functimal adhesion molecules of the CD18 complex. Because leukocyte 
30 adhesion is involved in die process through which tissue inflammation arises, 
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an undecstanding of the process of leukocyte adhesim is of significant value 
in defining a treatment for specific and non-specific inflammation. 

Additicmally, ance lymphocyte adhesira is involved in the process 
through which foidgn body or tissue is idmtified and rejected, an 
5 understanding of this process is of significant value in the fields of organ 
transplantation, tissue grafting, allergy and oncology. 

C. The IntCTcellular AdhesiCTi Molecule ICAM-1 and r^ flylar 

Adhesion 

The intercelhilar adheaon molecule ICAM-1 was first idratified and 

10 partially characterized acccHding to the procedure of Rothledn, R. et al. (7. 
hnmmol 157:1270-1274 (1986)), which reference is herein incorporated by 
reference. ICAM-i, its preparation, purification, and diaracteristics are 
disclosed in WO 90/03400 which supplication is herein incoiporated by 
referrace in its oitirety. 

15 ICAM-1 was irdtially realized as bdng involved in the process of 

cdlular adhesion between endothelial cells and leukocytes. Cellular adhesion 
is the process through which leukocytes attach to cdlular substrates, such as 
endcrthdial c^, in order to migrate fiom circulation to ^tes of ongoing 
inflammation, and propedy defend flie host against forugn invaders such as 

20 bact»a or viruses. An excdlent review of the defease system is provided by 
Eism, H.W,, (In: Microbiology^ 3rd Ed., Harper & Row, Hulad^hia, PA 
(1980), pp. 290-295 and 381-418). 

Ctae of die molecules on the surfece of radothelial cells which 
particqwtes in flie adhesion proce^ is ICAM-1. This molecule has bcM 

25 shown to mediate adhesim by binding to molecules of the CD-18, CD-I 1/18 
family of glycoim>tdns which are present on the cell sui&^ of laikocytes 
(Sanchez-Madrid, F. et dL, J. Exper. Med. iJS: 1785-1803 (1983); Keiz^, 
G.D. et fl/., mtr. J. Intmmol 15:1142-1147 (1985)). 
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Intearcellular Adhesion Molecule (ICAM-1) is an inducible cell surface 
glycoprotein »piessed on various cell types including vascular endothelial 
cells, and is expressed preferoitially at sites of inftanunation. Since ICAM-1 
is the natural binding ligand of LFA-1, ICAM-l-LFA-1 interactions play a 
5 cratral role in cellular adhe^n, recniitroent of lymjAoc^tes to sites of 
inflanunaticm and the triggering of lymphocyte functions which contribute to 
both spedfic and non*specific inflammadon. 

D. The Cellular Receptor for Human Rhinovirus 

Abraham cf al. (J. Virol 5i:340-345 (1984)) discovered that the 
10 nuyority of randomly selected human rhinovirus ("HRV") serotypes were able 
to bind to the same cellular receptor. A monoclonal antibody was 
subsequ^dy devdoped by Colonno et aJ. (Ccdonno et al., J. Cell. Biochem. 
SiqjpL 10 QHtrt D):266 (1986); Colonno et aL, J. Virol 57:7-12 (1986); 
Ccdonno er a/., European Patrat Ap{Acation Publication No. 169,146) which 
IS was cqnble of blocking attachment of HRV of die major sero^pe to the 
sur£aces of endothelial cells. The endothelial cell receptor protdn recognized 
by this antibody was isolated and found to be a 90 kd protein (Tomassini et 
a/., /. Virol 58:290-295 (1986) and later shown to be the ICAM-1 molecule 
(Staunton e$ oL, Cett 55:849-854 (1989)). 
20 TreatmCTt of rhinoviral infection, especially infection by the major 

type human rhinovirus has been proposed using a nnirine monoclonal antibody 
directed against the viral recqrtor, ICAM-1 (EP 391088). 

E. Infggtipn withmv 

HIVinfectionis the cause of AIDS. Two major variants of HIV have 
25 beoi described: HIV-1 and HIV-2. fflV-l is prevaloit in North America and 
Europe, in contrast to HIV-2 which is prevalmt only in Afiica. The viruses 
have simflar structures and encode proteins having similar function. The 
nucleotide and protein sequences of the genes and gene products of the two 
variants have bem found to have about 40% homology with one another. 
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HIV infection is believed ta occur via the binding of a viral protein 
(tenned "gplM") to a receptor molecule (termed "CD4") preset on die 
surface of T4 (T help^') lymphocytes (Schnittraan, S. M. er oZ., J. 
ImmunoL 747:4181-4186 (1988), whidi reference is incorporatfid heirin by 
5 r^eience). Hie virus then ent^ tte cdl and proceeds to replicate, in a 
proces5¥iiichultimatdy results in the death of the TcelL Hie destruction 
of an individual's T4 population is a direct result of HIV infection. HIV can 
be recovered fitom periphoal blood mononudear cells and human plasma (/. 
CttTL Mcrobiol 26:2371-2376 (1988); N. Engl J. Med, J2J:162H625 

10 (1989)). Results Sliest more viremia than had beoi previously estimated and 
a T-cell infection frequency as high as 1%. 

The destructioii of the T cdls results in an impairment in the ability of 
tiie infected patient to combat opportunistic infections. Although individuals 
afflicted with AIDS ofim develop cancers, the relaticmship b^een these 

IS canc^ and HIV infection is, in most cases, uncertain. 

Although the mere replicatira of the HIV virus is lethal to infected 
cdls, sudi iq>lication is typically detected in only a smaU fraction of the T4 
cells of an infected individuaL Several lines of researdi have elucidated other 
mechanisms through \^*ich Uie HIV virus mediates the destruction of the T4 

20 population. 

Apart from fluough HIV rq>lication, HIV infected cells can be 
destroyed through the action of cytotoxic, killer cells. Killer cdls are 
normally present in humans, and s^e to monitor the host and destroy any 
fordgn cdls (sudi as in misnmtched blood transfusions or organ transplants, 

25 ^.) which may be encountCTcd. Upon infection with HIV, T4 cells display 
the gpl20 molecule on flieir cell surfaces. Killer cells recognize such T4 cells 
as foreign (taAsx tiian native cells), and accordingly, mediate their 
destruction. 

HIV infecticm can also lead to the destruction of non-infected healthy 
30 cells. Infected cells can secrete the gpl20 protein into tiiebl^ The 
firee gpl20 molecules can then bind to tiie CD4 receptors of healthy, 
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uninfected cells. Such binding causes the cells to take on the a|ipeaiance of 
HIV infected ceUs. Cytotoxic, killer cdls recognize the gpl20 bound to the 
uninfected T4 cells, conclude that the cell is fordgn, and mediate the 
destnicti<m of the T4 ceDs. 
5 An additional mechanism, and one of ^peaal interest to the present 

invention, with which HIV can cause T4 death is tbrcKigh the formation of 
''syncytia.*' A "syncytium* is a multinucleated giant cdl, formed firom the 
fusion of as many as sev^ hundred T4 cells. Infection with HTV causes the 
infected ceU to become able to fuse with other T4 cells. Such fusion partners 

10 may themsdves l>e HIV infected, or th^ may be uninfected healthy ceUs. 
The syncytium cannot function and socm dies. Its death accomplishes the 
destruction of both HIV infected and HIV uninfected T4 cells. Itiis process 
is of special interest to the present invention since it ffltails the direct ceQ-<:ell 
contact of T4 cells. Tlie abili^ of HIV-infected cdls to form syncytia 

IS indicates that such cdls acquire a means for fusing with healthy cdls. Thus, 
cell-cell contacts may be of fundamoital importance in the process through 
whidi mv infection is transmitted finom one cell to another within an 
individual. 

HIV infection, and especially HIV-1 infection, appears to influrace cdl 
20 surface ^q^xression of the leukocyte integiins and cellular adher^ice reactions 
mediated by these heterodimers (Petit, A J., et aJ., J. Clin. Invest. 79:19% 
(1987); Hildreth, J.RK., et aL, Science 244:im (1989); Valentin, A., et 
al., J. Immunology 144:934-937 (1990); Rossen, R.D., et al.. Trans. Assoc. 
American Hjysidans 102:117-130 (1989), all of which references are 
2S incorporated heidn by refer^ce). Following infection with HIV-1, 
homotypic aggregation of U937 cells is increased, as is cell surface expression 
of CD18, C3)llb (Petit, A.L, et al, J. Clin. Invest, 79:m (1987)). HIV-1 
infected D937 cells adhere to IL-1 stimuhted »idodielium in greater frequency 
than uninfected U937 ceDs; this bdiavior can be suppr^sed by treatmg the 
30 infected cdls with anti-CD18 or anti-CDUa monoclonal antibodies or by 
treating radotfadial substrates with anti-ICAM-1 (Rossen, R.D. yCtal, Trans. 
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Assoc American Fhymdmis JQ2:117-130 (1989)). Mcmoclwial antibodies to 
CD18 or CDUa have also be^ found to be able to inhibit foimation of 
syncytia involving phytdremagglutinin (PHA)-stinioIated lymphoblastoid cells 
and coostitutivdy infected, CD4-negative T cells (BSldietfa, J:E.K., et oL, 
Science 244:l(n5 (1989)). Treatment of only the virus infected cells with 
anti-CD18, or anti-CDlla monoclonal antibodies was found to have little 
^ect on syncytium fonnaticm, suggesting diat these antibodies principally 
protect uninfected target cells fiom infection (Hildreth, J.E.K. , ef c/. , Science 
244:ms (1989); Valentin, A., et al, 7. Jmmimology i*/:934-937 (1990)). 
Valmtin et al. (Val«itin, A., et aL, /. bnmmology 144:934-937 (1990)) have 
recentty ccmfirmed these observatims by demonstrating fliat monoclonal 
antibodies speci& tor CD18 inhibit syncytia fanned when continuous T cdl 
lines are co-cnltmed witii HIV-1 infected U937 cells. 

Altiiough the mechanism through which monoclonal antibodies specific 
for CD18 or CX>lla protect susceptible cells from fusing wifli HIV infected 
cells rranains unknown, and is not necessary to an zppredsAon of thepiesoit 
invention, studio witii radiolabeled gpl20 suggest Ifaat het^odimers 
containing CD18 do not provide a binding site for flie virus (Valentin, A., et 
dl. , /. Immunology J4*:934-937 (1990)). Thus, HIV infection involves cell- 
cdl inter^lions, and/or viral-cell interactions whidi mimic such cell-cell 
interactions. Iliecell-cdlinteractionsmayresult in the transport of cell-free 
virus or the transport <tf virus across ^idothelial barriers within flie cytoplasm 
of infected moncmudear cells. VinJ-^ intenu:tions \)iiudi mimic die cell- 
cell interactixHis may fedlitate or doable free virus to attadi to and/or infect 
healthy cdls. 

The present invration thus derives, in part, from flie observation fliat 
mv infecticm, and particul^y HIV-1, infection results in increased 
e^ttession of die Ca>lla/C3518 heterodimer, and its binding ligand, ICAM-1. 
This increased expression is significant in that it enhances theahility of HIV- 
infected T cells to adhm or aggr^ate with one anotiier (i.e. to undergo 
"homotypic aggregation"). Since such homotypic aggregation is not observed 
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occur among quiescent noimal leukocytes, (his discoveiy indicates that the 
esqxiesaion of the CD11/CD18 receptors and/or ICAM-1 is required for such 
aggregation. Such adbe^on prainits iHV-l to be transmitted from an infected 
cdl to a healthy cell of an individual^ and also permits or &cQitates infection 
5 of healthy cells witk firee virus. 

Sim:e ICAM-l plays a central role in cdOrceH interactions murine 
monoclonal antibodies that bind to ICAM-1 have been proposed as a method 
of preventing mv infection (WO 90/13281). 

F. Migration of HIV Infected CeDs 

10 The migration and dissmiination of leukocytes is important in 

protecting an individual from the consequences of infection. These processes, 
howev^, are also responsible for the migration and dissemination of viral- 
infected loikocytes. Of particular concern is the migration and dissemination 
of leukocytes infected with HIV. The migration of such cdls results in the 

15 formadon of extravascular fbd, and may cause tumors and other 
abmmnalities. 

Histologic examination of affected organs reveals focal extravascular 
mononuclear cell infiltrates. Attempts to identify virus-infected cells in such 
infiltrates in the central nervous system have revealed the presence of HIV-1 

20 infected ceUs. These studies have shown that HIV-1 re^des primarily in 
mmocytes and macrophages, and other cells of this lineage (R.T. Johnson, et 
a. FASEB J. 2:2970 (1988); M.H. Stoler ef a/„ /. Amer. Med. Assn. 
256:7360 (1986); S. Garmer et al /. Jbner. Med, Assn, 256:7365 (1986); S. 
Gartner e$ al. Science 233:215 (1986)). 

25 The mechanisros which stimulate formation of extravascular infiltrates 

of HIV-l-infected monocytoid cells have not previously been well defined. 
The medianisms may involve dth^ die transport of cell-firee virus or the 
transport of virus across endothelial barriers within the cytoplasm of infected 
numonuclear cells. 
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Since iDfiecdon with HIV-l sdmulates cdl sur£ace expiesdcm of 
molecules whidi &dlitale adh^ence of leukocytes to vascular OKlothelial cdls 
and tbe tianslocation of laikocytes from the blood to extravascular tissue sites 
(C.W. Smith eidL.J. Om. Invest. 82:1746 (1988), heriOTi incorpoiated by 
5 leferatce) it has bem pniposed to use antibodies which inhibit cellular 
migration to prevrat die dissemiimtion of HIV infected cells (WO 90/13316). 

G. Asthma: Clinical Characteristics 

Asdima is a hetoogeneous family of diseases. It is charact^ized by 
a hyper-responsivettess erf the tracheobionchi to stimuli (McFadden, RIL et 

0 al.^ln: Harrison's Prim:gfl€S<fIrUenialM€^ lOfliEd., Peteradorf, R.G. 
etal., Eds., McQraw-HiU, NY (1983), pages 1512-1519); Kay, A.B.,^Ke?xy 
and Iffianmmion, Academic Press, NY (1987); which lefeiCTces are 
incorpoiated herein by zefoence). Clinically, asthma is manifested by the 
estrasive narrowing of the tracheobronchi, by fliick traadous secretions, by 

5 paroxysms of dyspnea, ccnigh, and wheemg. Although the relative 
contribution of each of these conditions is unknown, the net r^lt is an 
increase in ahrway resistance, hyperinflation of the lungs and thorax, abncmnal 
distribution of ventilation and pulmonary blood flow. The disease is 
manifested in episodic periods of acute symptoms interspersed betwem 

0 symptom-firee periods. The acute episodes result in hypoxia, and can be fetal, 
proximately 3% of the general world populaticm suffers from the disease. 

Two types of asdima have been described: allergic asthma and 
idiosyncratic asthma. Allergic asthma is usually associated with a heritable 
allergic disease, sudi as riiinitis, urticaria, eczema, etc. The condition is 

5 cfaaract^ized by positive vidieal-and-flare reactions to intradermal injections 
of airborne antigois (such as poUm, environmratal or occupational pollutants, 
^), and increased serum levels of IgE. The development of allergic asthma 
appears to be causally related to-the presence of IgE antibodies in many 
paii«its. Asfluna patients who do not ©diibit the above-described 

0 charactmsdcs are considered to have idiosyncratic asthma. 
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Alleigic asthma is bdieved to be depeodent upon an IgE response 
controlled by T and B lymphocytes and activated by the interaction of aiibome 
andgen with mast cell-bound pre-formed IgE molecules. The antigoiic 
racountermust occur at concentrations sufiBcient tolead toIgEproducticm for 
5 a prolonged period of time in ord^ to sensitize an individual. Once 
sensitized^ an astiuna patient may exhibit symptoms in respcmse to extremdy 
low levels of antigen. 

Asfiima symptoms may be exacerbated by the presence and level of the 
triggering antigra, environm^tal factors, occupational iactors, physical 
10 ex^on, and emotional stress. 

Asthma may be treated with methybcanthines (such as tiieophy]line)» 
beta-adrenergic agonists (such as catecholamines, resordnols, saligenins, and 
ephedrine), glucocorticoids (such as hydrocortisone), inhibitors of mast cell 
d^ranulation 0.e. chromones such as cromolyn sodium) and anticholinezgics 
IS (such as atropine). 

Asthma is believed to involve an influx of eosinophils ("eosinophilia") 
into the tissues of the hmg (Frigas, B, ei oL, J. Allergy CGn. ImmmoL 
77:527-537 (1986), indiich refi^ooce is incorporated herein by referrace). 
Insight into the immunological basis of asthma has been gained from 
20 brradioalveolar lavage studies (Godard, P. er a/., J. Alkrgy OiiL ImmimoL 
^88 (1982))» and studies of respiratory smooth muscle drauded of 
epitheUum (Havahan, N.A. et aL, J. Appl PhysioL 5S:834 (1985); Barnes, 
P. Letal., Br, J, Pharmacol 86:6Z5 (1985)). Although tiiese studio have 
not led to the elucidation of the mechanism underlying the immunology of 
25 asthma, they have led to the development of a graerally accepted hypothesis 
conc^ning die immunological etiology of die disease (see, Frigas, E. a/., 
/. Attergy din. Immunol 77:527-537 (1986)). 

The hallmarks of the pathology of asthma are a massive infiltration of 
the lung par»idi]^a by eosinophils and the destruction of mucociliary 
30 capad^. The "eosinophil hypodiesis'' suggests that eosinophils are attracted 
to the brondius in order to neutralize harmful mediators released by the mast 
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cdls of the lung. According to Ibe hypothesis eosinophils aie attracted to the 
bnmchi wheie they degianulate to idease (Ototoxic molecules. Upon 
d^ranulation, eosinophils release enzymes such as histaminase» arylsul&tase 
and phospholipase D which oizymatically neutralize the harmful mediators of 
5 the mast cdl. These molecules also promote the destruction of the 
mucodliaiy qiparatus, and thus prevent the clearing of the faionchial 
secretions, and contribute to die lung damage diaiacterisdc of asthma. 

Since asthma involves die migration of ceDs, it has been proposed to 
use antibodies whic* inhibit diis migration to mitigate die effects of allergens 
10 in a subject (WO 90/10453). 

It has beai pre>dousty jnoposed; to treat leucocyte-mediated 
inflammaticHi by administering inter alia an anti-ICAM-1 antibody to patients 
suEfi^g from sudi inflanunation (see EP-0289949 and EP-0314863), to treat 

15 viral infiection by administering inter alia an anti-ICAM-1 antibody to patients 
suffering from such infecticm (EP 391088), to prevent die infection of a 
subject widi HIV by administering inter alia an anti-ICAM-1 antibody (WO 
90/13281), to iHevent die dissemination of HIV infected cells by administering 
inter aUa an anti-ICAM-1 antibody (WO 90/13316), and to administer inter 

20 alia m anti-ICAM-1 antibody to mitigate die effects of allerg«is (WO 
9W10453). 

EP 289949 describes die preparation of a murine monoclonal (R6-5- 
D6) having spedfidty for ICAM-1 which is die preferred antibody for die 
above reSecMiced tholes. Samples ofR6-5-r>6 have been dqwsitedwidi die 
25 American Type Culture Collection as dqwsit ATCC HB9580 on 30di October 
1987. R6-5-D6 has beei deposited widi die ATCC under die provisions of 
Rule 28(4) of die EPC. 

Chramdy available anti-ICAM-1 MAbs, which are the basis of the 
above described mediods of treatment, are murine MAbs and as a result are 
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fikeiy to cause a significant HAMA response if administered in xq)eat doses 
to human patirats. It would be highly desirable to diminidi or abolish this 
undesirable HAMA lespcmse by suitable humanization or other appropriate 
recombinant DNA mampulation of these potentially highly useful antibodies 
and thus extend and enlaige their use. It would also be desirable to apply the 
techniques of recombinant DNA technology to these antibodies to prq>are 
anti-ICAM-l humanized diimfflc antibodies in genoal. 

We have now prepared anti-ICAM-1 chimmc humanized antibody 
molecules derived from murine MAbs, 



10 SUM MA jt YOyT P g l 



The present invention provides a method of constructing a chimeric 
antibody molecule. Spedfically the present invention provides a chimoic 
antibody molecule comimang heavy and/or light diain variable regicms of an 
anti-ICAM-1 antibody. 
IS The invmtionfurth^ pertains to the chimeric antibody ofthepresrat 

inv^tion which are detectably labded. 

The present invention further provides a process for jntxiucing an anti- 
ICAM-1 humanized chimeric antibody molecule. 

The present invention further provides DNA coding for a heavy or 
20 light chain variable region of a chim^c anti-ICAM-1 antibody. 

The invention additionally includes a recombinant DNA molecule 
cs^le of expressing the chimeric antibodies of the present invention. 

The invention further includes a host cdl capable of produdiig the 
chimeric antibodies of the preset invention when transformed by the 
25 recombinant DNA molecules disclosed hemn. 

The invmtion additionally includes diagnostic and therapeutic uses for 
the diim^c antibodies of the present invention. 

The inv»tion further provides a method for treating inflammation 
resulting from a respmse of the specific defense system in a nuunmalian 
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subject which comprises providing to a subject in need of such treatment an 
amount of an antirinflammatary agrat sufBcimt to suppress die infhnunation, 
wheiein the anti-infiammatoiy agent is a humanized chimeric antibody c^>able 
of binding to ICAM-1. 
5 The invention further provides a method for treating non-specific 

inflammation in humans, and other mammals. 

In d^ail, the inv^tion includes a method for treating inflammation 
resulting fiom a respmse of the spedfic and non-specific defense system in 
a mammalian subject whidi comprises providing to a subject in need of such 

10 treatmrat an anti-inflammatory agmt, capable of binding to an ICAM-1 , in an 
amount suffidoit to suppress the inflammation; wherein the anti-inflammatory 
agent is a humanized chimeric antibody enable of binding to ICAM-L 

The invention fuith^ includes the above-described metiiod for trcatiing 
inflammaticm wh^dn die inflammation is associated witii a condition selected 

15 ficom the group consisting of: adult res|nratory distress syndrome; multq>Ie 
organ injury syndrome secondary to septicemia; multiple organ injury 
sj^ndrome secondary to traunui; rq>erfiisiQn injury of myocardial or other 
tissues; acute glom^ukmephritis; reactive artiiritis; dermatosis witti acute 
inflammatoiy compcmoits; acute purulmt meningitis or other central nervous 

20 system infl a mm a t ory disorders such as stroke; tiiermal injury; hemodialysis; 
leuk^^e^; uketative colitis; Crohn's disease; necrotizing enterocolitis; 
granulocyte transfiiaon associated syndrome; and cytokine^induced toxici^. 

The invration further provides a metiiod of suppressing the metastasis 
of a h^natopcnetic tumor cell, tiie cell requiring a functional member of the 

25 LFA-1 hxaSy for migraticm, whmin said method comprises providing to a 
patirat in need of such treatment an amount of an anti-inflammatory agent 
sufficient to suppress the metastasis; wherein the anti-inflammatory ag^t is 
a humanized chimeric antibody citable of binding to ICAM-1. 

The invention fudho- provides a method of suppressing the growth of 

30 an ICAM-l-e^ressing tumor cell which comprises providing to a patient in 
need of such treatmmt an amount of a toxin sufficient to suiq>ress the growth, 
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the toxin bdng ctoivatized to one of the dum^c antibodies of the presoit 
inv^tion. 

The invoition furft^ provides a method of diagnosing the presence 
and location of an inflammaticm lesulting firom a lesponse of the specific 
5 defense system in a mammalian subject suspected of having the inflammation 
which conqnises: 

(a) administering to the subject a composition containing a 
detectably labeled chimeric antibody c^^able of identifying a ceU which 
expr^ses ICAM-1, and 

10 (b) detecting (he binding ligand. 

The invention additicmally provides a method of diagnosing the 

presoice and location of an inflammation resolting 6om a lespcmse of the 

specific de^se system in a mammalian subject suspected of having the 

inflamnuktion wtnch coniprises: 
15 (a) incubating a sample of tissue of the subject with a conqyosition 

containing a delectably labeled chimeric antibody c^Ktble of identifying a cell 

which expresses ICAM-1, and 

(b) d^ecting the binding ligand. 

The inventicm fiutba- provides a method of diagnosmg the presrace 
20 and location of an ICAM*l-expressing tumor cell in a mammalian subject 
suspected of having such a cdl, which comprises: 

(a) administering to the subject a composition containing a 
detectably labded diimeric antibody capable of binding to ICAM-1» and 

(b) detecting the binding ligand. 

25 The invention furOer provides a method of diagnosing the presence 

and location of an ICAM-l-expressing tumor cell in a mammalian subject 
suspected of having such a cdl, which comprises: 

(a) incubating a sample of tissue of Ae subject with a composition 
contsuning a detectably labeled chimmc antibody capable of binding ICAM-1 , 

30 and 

(b) detecting the binding ligand. 
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Ihe invention additionally includes a phannac^tical composttion 
conq>nang: 

(a) an anti-inflammatory agent consisting of a chimeric antibody 
capable of binding to ICAM-1, and 

(b) at least erne imnmnosuppresstve ag^t selected firom tiie group 
cona^g of: dexamethasone, azathioprine and cydosporin A. 

The piesent invoition also idates to the use of diimeric antibodies 
capable of binding ICAM-1 in anti-viral ib&capy. 

In detail, the inv&ition provides a method for treating viral infection, 
whoein said virus binds to tiie ICAM-1 receptor, in an individual in need of 
sudi treatment, wherein the m^od comprises providing to the individual an 
amount of a dumeric antibody equable of binding ICAM-1 sufficient to 
suppress viral infection. 

The invration further provides a mediod for suppressing the infection 
15 of leukocytes with HIV, which comprises administwing to a patient exposed 
to or effected by HIV, an eEfective amount of an HIV- 1 infection suppression 
agent, the agent bang a chimeric antibody capable of binding to ICAM-1. 

The invration iurth^ ccmcems flie embodimait of tiie above method 
wh^dn the HIV is HIV-1. 

The invraticm further provides a metiiod for suppressing the 
extravascular migratim of a virally infected leukocyte in apatient havirig sudi 
aleub)cyte, which comprises admini^ering to the patient an effective amount 
of a diimeric antibody cqiable of impairing the ability of said leutocyte to 
bmd to ICAM-1, 

25 The invention further coiiqjrises the embodimait of the al^ 

method wh^dn flie virally infected leufcocytes are infected with HIV. 

The invration further comprises the mbodim^t of tiie above-described 
m^hod wherdn flie agat is a diimMic antibody capable of binding to ICAM- 
1. 



20 
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Tlie invaitkm further provides a method for treating asthma in a 
patioit whidi comprises providing to the patient an effective ther^ieutic 
amount of a diimeric antibody equable of binding to ICAM-1 

The invration further concerns the embodiment of the above desoibed 
5 methods wherein the diimeric antibody capable of binding to ICAM*1 is 
derived from tte murine mc»ioclonal antibody R6-S-6D. 

m^t PgSCriptipn of thg RgttTgS 

Figure 1 shows the cDNA sequence for the 5* untranslated r^ion, signal 
sequence, variable region and part constant region for the R6- 
10 5-D6 murine MAb light chain; 

Figure 2 shows similar cDNA and amino acid sequence for the K6-5-D6 
murine MAb heavy diain; 

Figure 3 shows a idasmid diagram of plasmid expression vector pEE6 
hCMV; 

15 Figure 4 shows plasmid diagrams indicating the strategy for crastruction 
of light diain expression plasmid pALS; 
Figure 5 shows plasmid diagrams indicating the strategy for construction 

of heavy chain e3q)ressioa plasmid pAL6; 
Figure 6 Aows a gn^h giving results of a competition assay compriang 
20 binding of recombinant and murine R6-S-D6 and a control 

MAb XJPCIO; 

Figure? shows plasmid diagrams indicating the strategy for the 

construction of diimeric li^t chain expression vector pAL7; 
Hgure 8 ^ws {dasmid diagrams indicating the strategy for the 
25 construcdon of chimeric heavy chain (IgG2 isotype) e3q>ressicm 

vector pAL8; 

Figure 9 diows outline restriction m^ for the chim^c heavy chain 
expressicMi vectors pAL8 and pAL9; 
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Figuie 10 shows {dasmid diagfams indicating the procedures involved in 
ttie construcdcm of the GS amplification dmnedc light chain 
e3q>ression vector pALlO; 

Figure 11 shows dmilar plasmid diagrams for the construction of the GS 
5 chimeric heavy chain 0gG2 iso^pe) expresaon vector pAL12; 

Figure 12 shows similar diagrams for the diimeric heavy chain (IgG4 
isotype); 

Figure 13 shows SDS-PAGE analy^ under non-redudng and reducing 
conditions. The notation above eadi lane desoibes the ^pe of 
10 gene used in the transient expression opeiiment. 

mL mouse light cL chim^c light 

74 diimeric 74 heavy mH mouse heavy 

72 chimeric 72 heavy B72.3 control dL/cH genes 

Figure 14 shows SDS-PAGE analysis of purified chimeric anti*ICAM-l 
IS antibody or (A) non-redudng and (b) reducing gels. 

On each gd Lane 1 is control drnn^c B72.3 

antibody (IgG4) 
Lane 2 is Pharmacia low moleoilar 
wdght markers 

20 Lanes 3-9 are diimeric anti-ICAM IgG2 

4ptg 0.125fig in doubling 
dilutions 

Lane 10 is Pharmacia low molecular 
wdght markers 

25 Lanes 11-17 are diimeric anti-ICAM IgG4 

4^tg 0.125ftg in doubling 
dilutions 

Figure 15 shows HPLC Gd filtration of chimeric anti-ICAM antibody of 
lglG2 and IgG4 iso^^. 
30 The profiles are superimposable and dute at a time wUdi 

corresponds to ISOkd tetrameric antibody. 
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Figures 16 shows gnq>hs of binding assays of chimefic 
and 17 antibodies against standards, and 
Figures 18 shows grE^s of comp^tion binding assays 
19 and 20 of chimeric antibodies against standards. 
Figure 21 Inhibitim of MLR with antibodies. 

Figure 22 Inhibition of Vascular penneabiHty in a modified 
Schwartzmann Assay with antibodies. 



Bfirf Description of the ^ft^rr^ Wm^aAmmt^ 



A, Pvmanizgd Antibodfe? 
10 The first embodimmt of the pres»it invention jxrovides a chimeric 

antibodies molecule comprising heavy and/or light diain variable r^ons of 
an anti-ICAM-1 antibody. 

Typically die anti-ICAM-1 antibody is a rodmt MAb. 
Specifically, in the first embodiment of the present invention die 
IS diimeric antibody is a humanized chimeric andbody molecule. In which case 
the chimeric antibody ccmiprises heavy and/or light chain variable regions of 
a non-human (e. g. , rodent) anti-ICAM-1 antibody Unked to heavy and/or light 
chain constant r^on domains of a human antibody. The DNA which codes 
for such humanized chimmc heavy and/or light dbains con^ses DNA coding 
20 for die non-human variable region domains linked to DNA coding for human 
constant region domains. 

The chimeric antibodies molecule of the present invaition may 
comprise: a conq>lete antibody molecule, having fiiU length heavy and light 
chains; a fiagm^t thereof, such as the Fab or (Fab'), fragment; a light chain 
25 or heavy diain monomer or dim^, including fiagm^ts thereof or any 
dumoic antibody molecule with the same specificity as an anti-ICAM-1 
antibody. 

The chimeric antibodies of the preset invention may be a "ch^ical 
derivative** of the antibody. As used h^in, a molecule is said to be a 
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'ch^cal derivative*' of another molecule wfaea it contains additional 
diemical moieties not nont^y a part of the molecule. Sudi moieties may 
improve tfie molecule's solubility^ at>soiptiony biological half life, etc. The 
moi^ies may altemativdy decrease the toxicity of the molecule, eliminate or 
5 attoiuate any undesirable side effect of the molecule, etc. Moieties c^>able 
of mediating sudi effects are disdosed in Remington's Pharmaceutical 
Sciences (1980). "Toxin-derivatized* molecules constitute a special class of 
"chemical derivatives.* A "toxin-derivatized" molecule is a molecule (such 
as ICAM-1 or an antibody) whidi contains a toxin moiety. The binding of 

10 such a molecule to a cdl brings the toxin moiety into close proximity with the 
cell and thereby promotes cell death. Any suitable toxin moiety may be 
employed; however, it is preferable to employ toxins such as, for example, 
the ridn toxin, die diphtheria toxin, radicnsotopic toxins, membrane-channel- 
fisrming toxins, etc. Procedures for coiq>ling such moieties to a molecule are 

IS well known in the art Altmiatively the dum^ antibody can be attached to 
a maorocycle, for cheating a heavy metal atom. 

Ahematively , Ae procedures of recombinant DNA technology may be 
used to produce a "djemical dedvative" of the chimeric antibody in which the 
Fc firagm^ or CEO domain of a conqdete antibody molecule has been 

20 replaced by or has attached thereto by peptide linkage a functicmal 
ncmrimmunoglobulin protein such as an enzyme or toxin molecule. 

In the case of humanized diimeric antibody molecules, the remainder 
of Ae molecule may be dmved from any suitable human inummoglobulin. 
Human constant r^on domains may be selected having regard to flie 

25 proposed function of the antibody in particular the effector functions which 
may be required. For exanqde, the constant region domains may be human 
IgA, ^gE, IgG or IgM domains. In particular, human constant regicm 
dwnains may be used including any of the IgGl, IgG2, IgG3 and IgG4 
isotypes. Thus IgG2 or prefisrably IgG4 isotypes may be used when the 

30 humanized dummc antibody is intended for tiietapeutic purposes, requiring 
an absOTce of antibody effector functions e.g., to block ICAM-l-LFA-1 
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10 



15 



20 



25 



intoacdons. Ouinmc IgG anti-ICAM-l antibodies may have different 
avidities dep^K&ng on iso^pe and this may influence the therq)eutic choice. 
Most preferably IgGl hmnan constant region domains aie used. We have 
found that a ^Gl chimeric antibody appears to have a higher bindmg avidity 
forlCAM-l than ]^G2 or IgG4 chimeric antibodies, possibly due to a greats 
flexibility of the IgGl hinge promoting bival»t binding to the antig^. 

The remainder of the humanized chimeric antibody molecule need not 
comprise only protdn sequences from the human immunoglobulin. For 
instance, a gene may be constructed in which a DNA sequence encoding part 
of a human immunoglobulin chain is fused to a DNA sequence ^coding the 
amino add sequence of a polypeptide effector or reporter molecule. 

Preferably, the chimeric antibody molecule of the preset invention 
will be iffoduced by recombinant DNA technology. 

A second ^bodiment of the present invention provides DNA coding 
for a heavy or light chain variable region of an anti-ICAM-1 antibody. 

A third embodiment of the preset invoition provides a process for 
producing an anti-ICAM-1 humanized diim^c antibody molecule which 
process comprises: 

(a) producing in an expressicm vector an operon having a DNA 
sequrace which encodes an antibody heavy or light chain 
wherein at least the variable domain is derived from a nm- 
human (rodent) anti-ICAM-1 antibody and the remaining 
immunoglobulin-d^ved parts of tiie antibody chain are derived 
firom a human immunoglobulin; 

(b) producing in an expression vector an operon having a DNA 
sequence which acodes a complemratary antibody light or 
heavy diain wherein at least the variable domain is derived 
from a non-human- (rodent) anti-ICAM-l antibody and the 
rranaining immunoglobulin-derived parts of the antibody chain 
are derived from a human immunoglobulin; 
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(c) transfectmg a host cell with the or eadi vecton and 

(d) cultuiing tiie tzansfected cell line to pioduce the humanized 
chimeric antibody molecule. 

Hie cell line may be transfected with two vectors, the iirst vector 

5 containing an qperon encoding a light chain-dedved poIypq>tide and the 
second vector contaming an opeion oicoding a heavy chain-dedved 
polypeptide. Preferably, the vectors are identical except in so M as the 
coding sequences and selectable martes are concerned so as to ensoie as fer 
as possible that each polypeptide chain is equalty expressed. 

0 Ahemativdy, a single vector may be used, the vector including the 

sequ^ices ^icoding both light chain- and heavy chain-derived polypeptides. 

Hie DNA in the coding sequences for the light and heavy chains may 
COTiqmse cDNA or g^mic DNA or both. However, it is preferred that the 
DNA sequence encoding the heavy or light chain comprises at least partially 

5 goiomicDNA. Most prefoably, the heavy or light chain oicodingsequwice 
comprises a fusi<m of cDNA and genomic DNA, 

Thus, the preseoi invration also includes doning and expression 
vectors and transfected cdl lines used in the process of the inventim. 

Ihe general melfaods by which the vectors may be constructed, 

0 transfection mediods and culture m^hods are wdl known persemd form no 
part of the invmtion. Such methods are shown, for instance, in Maniatis 
eioL, Molecular Cloning, Cold Spring Harbor, New Yoric (1982); and 
Primrose and Old, Prm^les of Gene Manipukaion, Blac^well, Oxford 
(1980). 

5 The anti-ICAM-1 antibodies of die invention include all anti-ICAM-1 

^pedfidties. Typically, however, the antibodies have spedfidty for antigenic 
qjitqpes of ICAM-1 whidi when* bound by the antibody block, inhibit or 
ottierwise modify ICAM-l/IPA-1 and or ICAM-l/Mac-1 interactions. 
Preferably the antibodies have spedfidty for the same or similar ICAM-1 
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antigenic epitopes as the R6-S-D6 antibodies. Most espedalty the 
antibodies aie derived from the R6-5-D6 antibody. 

B. Therapeutics and Diagnosis 

Hie present invention also includes thers9)eutic and diagnostic 
5 compositions containing the chimeric antibodies of the invention and uses of 
sudi compoations in thsidpy and diagnosis. 

The therq)eutic uses to which the products of die anti-ICAM-1 
invention may be put include any of the therapeutic uses to which anti-ICAM- 
1 antibodies may be put including for example any or aU of the therapeutic 
10 uses described in EP-0289949, EP-Q3I4863» and corresponding ^plications. 

1. Anti-Inflammatorv Agents 
A. Specific Inflammation 

Monoclonal antibodies to members of the CD 18 or CD-11/18 complex 
inhibit many adhesion dq)endent functions of leukocytes including binding to 

IS «idothdium (Haskard, D., et aL, J. Immmol iJ7:2901-2906 (1986)), 
homotypic adhesions (Rothlan, R., ei d., /. Exp. Med. id?:1132-1149 
(1986)), antigCT and nut0g« induced proliferation of lymphocytes (Davignon, 
D., et oL, Proc. Natl AauL Sd., USA 78:4535-4539 (1981)), antibody 
formation (Fischer, A., et al., /. Immunol i3d:3198-32Q3 (1986)), and 

20 efiiector functicms of all leukocytes such as lytic activity of cytotoxic T cells 
(Kiend^, A.M., m al., J. Immmol ii2:2180-2182 (1984)), macrophages 
(Strassman, G., et d., J. Immunol 755:4328-4333 (1986)), and all cells 
involved in antibocty-dependentceflular cytotoxicity reactions (Kohl, S., ef a/. , 
/. Immunol 7Ji:2972-2978 (1984)). In all of the above functions, the 

25 antibodies inhibit the ability of the leukocyte to adhere to the ^propriate 
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cettular substrate wbidi in turn inhibits die final outcome. Although botib 
polyclonal and mcmodonal antibodies may be en^Ioyed to inhibit the^ 
function, tiie present invratifm provides an improvement througli the use of 
a chimeric anti-ICAM-1 antibody* 
5 As discussed previously, the binding of ICAM-1 molecules to the 

members of U'A-l &inily of molecules is of central inqioitance in cellular 
adhesicm. Hmmgh the process of adhesion, lyirqphocytes are capable of 
continuatty monitoring an animal for the presrace of foreign antigens. 
AlthcHigh these processes are normally desirable, tfiey are also tfie cause of 

10 organ transplant r^ection, tissue graft rgection and many autoimmune 
diseases. Hence, any means c^ble of attenuating or inhibiting cdlular 
adhesicm would be highly desirable in redpi^ts of organ transplants, (e.g., 
kidn^), tissue grafts or autoimmune patioits. 

A chimeric antibody capable of binding to ICAM-1 is highly suitable 

15 as an anti-inflammatory agrat in a mammalian subject Significantly, such an 
agent differs fiom general anti*inflaminatory agrats and non-humanized 
antibodks in that they are cqiable of sdectively inhibiting adhe^on, do not 
offer oth^ dde effects sudi as nephrotoxicity which are found with conven- 
tional agents, and limit the amount of HAMA associated with the use of 

20 murine MAbs. A chimeric antibody c^ble of binding to ICAM-1 can 
therefore be used to {ffevmt organ (e.g. Iddney) or tissue rgectioii, or modify 
autoimmune responses without the fear of sudi side effects, in the mammalian 
subject. 

Importantly, file use of humanized antibodies capable of recognizing 
25 ICAM-1 may permit one to perform organ transplants even betwe^i 
individuals having HLA mismatch. 

in the forth ^bodiment of die preset invention a method for 
suppressing specific inflammation is provided wherein said method comprises 
providixig to recqnent subjects in need of sudi a treatment an amount of cme 
30 of the chimmc antibodies of die present invention suffid^t to suppress 
inflammation. An amount is said to be suffidoit to "suppress" inflanmiation 
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if the dosage, route of administiation, etc. of the agrat are sufScirat to 
attenuate or jmvoit inflammaticm. 

The diimenc antibody may be administered eitho' alone or in 
combination widi one or more additional immanosnppressive agmts 
5 (especially to a recQ>ient of an organ (e.g. kidney) or tissue transplant). The 
adndnistration of sudi a composition may be for dther a "prophylactic" or 
"therapeutic*' purpose. When provided prophylactically, the 
immunosuppressive composition is provided in advance of any inflammatory 
response or symptom (for example^ prior to, at, or shortly after) the time of 

10 an organ or tissue transplant but in advance of any symptoms of organ 
rejection). The prophylactic administration of the composition serves to 
prevent or attenuate any subsequent inflammatory response (such as, for 
example, rgection of a transplanted organ or tissue, etc.). When provided 
theiq)eutically, the iinmunosuQ)pressive composition is provided at (or shortly 

IS after) the onset of a syn^tom of actual inflammation (such as, for example, 
organ or ti^ue rejection). The thec^)eutic administraticm of the composition 
sorves to attenuate any actual inflammation (such as, for example, the 
xgection of a transplanted organ or tissue). 

The anti-infiamniatory agents of the present invration may, thus, be 

20 provided eidier prior to the cmset of inflammation (so as to suppress an 
anticqvated inflammation) or aft^ die initiation of inflammation. 

Since ICAM-1 molecules are pressed mostly at sites of inflanunation, 
such as those sites involved in delayed type hypersoi^tivity reaction, 
antibodies (espedaUy dumeric antibodies derived £com anti-ICAM-1 

25 . monoclonal antibodies) cqmble of binding to ICAM-1 molecules have 
then^utic pot^tial in the attrauation or elimination of such reactions. This 
potratial tho^peutic use may be e3q>loited in dtha: of two mann^. First, a 
composition containing a dumeric antibody capsble of binding to ICAM-1 
may be administ^ed to a patient experiendng delayed type hyp^sensitivity 

30 reaction. For example, such compositions might be provided to a individual 
had beesa in contact with antigens such as poison ivy, poison oak, etc. 
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la a sixfii einbodimeiit, one of tiie chini^c antibodies of tiie present 
isv^tion is adixdnislmd to a patient in conjunction with an antigen in oidor 
to prevmt a subsequent inflanunatoiy reaction. Tlnis» the additional 
administraticm of an antigen with an ICAM-l-hinding dumeiic antibody may 
5 tsmptmnly ttdedze an individual to subsequent presentation of that antigra. 

Since LAD patients that lack LFA-1 do not mount an inflammatoiy 
lesponse, it is believed that antagoni^ of LFA-1 's natural Hgand, ICAM-1, 
will also inhibit an inflammatory ieq>onse. The ability of antibodies against 
ICAM-1 to inhibit inflammation jxiovides ttie ba^ for thdr therapeutic use in 

10 dietreatiiientofcfaroinciiiflanunatory diseases and autoimmune diseases such 
as htpus erythematosus, autoimmune thyroiditis, expmmental allergic 
race^^ialomyelitis (EA^), multiple sclm)sis» some forms of diabetes 
Seynaud's syndrome, ihmmiatoid arthntis, etc. Such antibodies may also be 
employed as a ther^y in the treatment of psodasis. In general, a chimeric 

15 antibody capable of binding ICAM-1 may be ^ployed in the treatmmt of 
those diseases curt»tly treatable through steroid tber^. 

B. Non-spedfic Inflammation 

The preset invration derives from the discovery that ICAM-1 on 
mdothdial cdls binds to die membm of the CDlg fiunily of molecules on 

20 granulocytes respcmsible for mediating granulo^te^dotfaelial cell adhesion 
and that antagonists of ICAM-1 are c^»ble of inhibiting such adhesion. Such 
InbiKtioo provides a means for tieatfaig general^ non-speicific tissue inftamm^tion . 

Since cellular adhesion is required in order that leukocytes may 
migrate to sites of non-spedfic inflammation and/or carry out various e£fector 

25 functions contzibuting to die inflammaticm, agrats which ^inhibit cellular 
adhesion will attenuate or prev»t this inflammation. A "non-spedfic defi^se 
system reaction" is a lesponse' mediated by laikocytes inc£Qmble of 
immunological mraioxy. Such cells include granulocytes and macrophages. 
As used herdn, inflammation is said to result iiora a response of the non- 
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spedfic ^ense system, if the infiamma!i<»i is caused by, mediated by, or 
associated with a reaction of the non-spedfic defiaise system. Examples of 
inflammation which lesult, at least in part, from a reaction of the non-spedfic 
defimse sy^em inclwie inflammation associated with cmiditions sudi as: adult 
5 respiiatoiy distress syndrome (AKDS) or multiple organ injury syndromes 
secondary to sq>ticemia or trauma; rq)eriusion injury of myocardial or odi^ 
tissues; acute glomerukmeiduitis; reactive arthritis; dermatoses with acute 
inflammatory components; acute pundait meningitis or otlier central nervous 
system inflammatory disorders, e.g. stroke; thermal injury; hemodialysis; 

10 leukapheresis; ulcerative colitis; Crohn's disease; necrotizing enterocolitis; 
granulo^te transfusion assodated syndromes; and cytokine-induced toxidty . 

In a fifth embodiment of the preset inv^itira a method of treating 
non-spedfic inflammatim is provided wherein said method comprises 
providing to a subject in need of such treatm^t an effective amount of one of 

15 the chimeric antibody of the presmt invention. 

2. Piggnpstic and Prc»gnostic AppBgatipng 

Since ICAM-1 is eiqiressed mosdy at sites of inflammation, a chimeric 
antibody capable of binding ICAM-1 may be ^ployed as a means of imaging 
or visuaUnng die sites of infectifr and inflammation in a patient 

20 In an dghth embodiment of the present inventicm, a diimedc antibody 

is detectably labeled, through the use of radioisotc^, affinity labds (such as 
biotin, avidin, etc.) fluorescent Id>ds» paramagnetic atoms, etc and are 
provided to a pati^t to localize the site of infection or inflammation. Proce- 
dures for accomplishing sudi labding are well known to the art. Clinical 

25 plication of antibodies in diagnostic imaging are reviewed by Grossman, 
H.B., Vwl din. NorOi Amer. Ji:465-474 (1986)), Unger, E,C, el a!,. 
Invest. BadioL 20:693-700 (1985)), and Khaw, B.A. et al.. Science 20Sh295- 
297 (1980)). 
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The detectum of ftxd of such d^ectably labeled antibodies is indicative 
of a site of inflanunatioa or tumor devdopment In one embodimrat, this 
lamination for inflammation is done by removing samples of tissue, 
induding blood ceils, zmi incubating such samples in the pres^ce of the 

5 detectably labded antibodies. In a prdiened embodimrat, this tedmique is 
done in a non-inva^e manner through the use of magnetic imagmg, fluoio- 
giaphy, etc* Such a diagnostic test may be employed in monitoring organ 
transplant rcdpients for eaity dgns of potential tissue rejection* Such assays 
may also be conducted in ^orts to determine an individual's {Hredilection to 

10 rheumatoid aiduitis or oflier chronic inflammatory diseases. 

3. Adjunct to die Introduction of Andgenic Material Admimstereri 
for Therapeutic or Diamostic Pmposes 

Immune responses to thaap»tic or diagnostic agents such as, for 
example, bovine insulin, interferon, tissue-type plasminogen activator or 

IS murine monodcmal antibodies substantially impair die tiie£q)eutic or diagnostic 
value of such agoits, and can, in fact, causes diseases sudi as serum sickness. 
Sudi a situation can be rmiedied tiuough the use of the chimeric antibodies 
of die preset invention. In tiiis fflibodiment, such antibodies wcHild be 
admini stered in combination with the theisq[)eutic or diagnostic agenL 

20 In a ninth »ibodiment of the preset invention the addition of an 

effective amount of a chimeric antibody wifli spedfidty to ICAM-1 is 
administer to a subject in owte: to prevent the recipient fnm recognizing the 
agent, and thoefore prevent the rec^ioit fiom initiating an immune response 
against it. The ahsraice of such an immune response results in tiie ability of 

25 tiiepatirat to recdve additional administrations of tiie tiiK^jeutic or diagnostic 
agent ' 

4. Anti-viral usaee of drimeric anti^^^^^ 
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Anotb^ aspect of the present invention idates to flie discovery of tbat 
ICAM-1 is the cellular receptor of certain viruses, and is thus required in 
order for the virus to adhere to and infect human cells (Greve, J.M. ei d., 
Cett 5tf:R39-S47 (1989); Staunton, D.E. et al., CeU 55:849-853 (1989), both 
5 of vidiich references are incorporated by refi^ence b^ein in their entirety). 
In particular, rhinoviruses, and espedalty rfainoviruses of the major sonotype 
have been found to be c^>able of mediating tfadr infection through their 
capacity to bind to the ICAM-1 molecules present on cell sur&ces. 

The tenth embodiment of the present invention is directed toward the 

10 use of chim^c antibodies cqiable of binding ICAM-1 to treat viral infection. 
Because sudi antibodies are cspsble of blocking the ICAM-1 of radothelial 
cells for viral attachment, their administradon to a recq>ient individual results 
in the decrease in recqytors available for viral binding, and thus decreases die 
p^centage of viruses which attadi and infect the cells of an individual. 

IS ICAM-1 has the ability to interact with and bind to viruses, and in 

particular, dunovinises of the major serotype within the genus Picomaviridae, 
group A coxsackieviruses (Colonno, RJ. etaJ., /. yiroh 57:7-12 (1986)) and 
Mengo viruses (Rossmann, M,G. ei al, ViwL i5^:373-382 (1988)). This 
interaction is mediated by ICAM-1 amino add residues whidi are present in 

20 domain 1 of the ICAM^l molecule. Such interacdons are assisted, however, 
by contributions fiom amino adds present in domains 2 and 3 of ICAM-1, 
Hius, anKmg the preferred chimeric antibodies of this ^nbodiment are 
antibodies capable of binding to domains 1, 2, and 3 of ICAM-1. More 
preferred are chimeric antibodies capable of binding to domains 1 and 2 of 

25 ICAM-1. Mostpn^srred are chimsic antibodies cap2b\e of bmding domain 
lof 

ICAM-1. 

Tte administration of the anti-viral agents of the present invention may 
be for dther a 'prophylactic" or- "thersypeutic" purpose. When provided 
30 prophylactically, the and-viral agent is provided in advance of any symptom 
of viral infection (for example, prior to, at, or shortly after the tune of 
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infecticHi) but in advance of any synqytoms of sncfa infection). The 
piofriiylactic administration of the ag»t serves to prevent or attentate any 
subsequent viral infection, cu^ to reduce the possibility tiiat such infection will 
be contagicHis to others. 
S When provided ther^>eutically, the anti-viral agent is provided at (or 

shortly after) the onset of a symptom of actual viial infection (such as, for 
example, nasal congestion, fever, etc. The Aerqieutic administration of the 
agmt serves to attenuate any actual viral infection. 

The anti-viral agents of die presait invention may, thus, be provided 
10 either prior to the onset of viral infection (so as to suppress an anticqxited 
infecticm) or after the initiation of sudi infectira. 

5. Suppression of HIV Infe ction and the prevention of the 
IMssemination of HIV Infected Cells. 

The deventh embodiment of present inventicm provides a metiiod for 
15 suppresang the infection of HIV, which comprises administraing to an HIV- 
infected individual an effective amount of an HIV izifection siqjpression agen 
Although the invention is particularly concerned with a metiiod for die 
SQppresaon of HIV-1 infection, it is to be understood that the metiiod may be 
zfphed to any HIV-1 variant (sudi as, for ^cample, HIV-2) whidi may infect 
20 ceQs in a way which may be suppressed by the agaits of the preset 
invwticMi. Such variants are flie equivalents of HIV-1 for tiie purposes of the 
preset invention. 

One aspect of tiie ixresoit invention derives from the recognition that 
expression of LFA-1 and, in some cases, ICAM-1, stimulated by HIV 
25 infection, promotes ceQ-tehcell adherence reactions that can increase tfie 
contact time of infected wifli uninfected cells, fadlitating transfer of virus 
ftom infected to uninfected cells,. Thus, chimeric antibodies capsble of 
binding ICAM-1 are able to suppress infection by HIV, and, in particular, by 
HIV-1. 
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Qne means diroogh which molecules which bind to ICAM-1 may 
suppress HIV infection is by impairing the ah^ eq>iessed 
by HIV-infected cells to bind to the CD11/CD18 receptors of a healthy T ceU. 
In Older to impair the ability of a cell to bind to the CDlla/CDlS lecqptor, 
5 or to the ICAM-1 ligand molecule, it is possible to emjdqy chimeric 
antibodies capable of binding to ICAM-1. 

The agents of the preset invention are intended to be provided to 
recipient subjects in an amount sufBdent to achieve a suppression of HIV 
infection. An amount is said to be sufficient to "siqypress* HIV infecticm if 
10 the dosage, route of administration, etc. of the agent are sufSdent to attoiuate 
or prev«t such HIV infection. The agents are to be provided to patients who 
are esqposed to, or effected by HIV infiection. 

Hie dumeric antibodies of the present invention may be for dther a 
* "prophylactic" or "ther^utic" puipose in the treatmmt of HIV infection. 
15 When provided projdiylactically, the antibody is provided in advance of any 
symptom of viral infecticm (for example, prior to, at, or shortly after) the time 
of sudi infection, but in advance of any symptoms of such infecticm). The 
prophylactic administration of the antibody serves to prevent or attenuate any 
subsequent HIV infection. When provided therapeutically, the antibody is 
20 provided at (or shortly after) the detection of virally infected cdls. The 
thCTpeutic administration of the antibody s»ves to att^iuate any additional 
HIV infection* 

The agents of the present invention may, thus, be provided dther prior 
to the (»iset of viral in&c^on (so as to suppress the antidpated HIV infection) 
25 or afl^ the actual detection of such virally infected cells (to suppress further 
infection). 
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b paitioilar, tbe invention provides an improved thet^ for AIDS, 
and an oihanced means for suppiesang HIV infection, and particulaily HIV-1 
infection, wbidi comprises tiie co-administiation of: 

(0 ICAM-1, a soluble ICAM-1 derivative, CDll (either CDlla, 

5 GDI lb, or CDllc), a soluble CDll derivative, CD18, a 

soluble CD18 derivative, or a CD11/CD18 heterodimer, or a 
soluble derivative of a C3>11/CD18 hetezodimer and/or 
(D) a chimeric antibody capable of binding to ICAM-1 widi 
(m) cell or particle associated CD4 or a soluble daivative of CD4 
10 and/or 

(TV) a molecule (preferably an antibody or antibody fragment) 
capable of binding to CD4. 

In die twelftti embodimmt of the presoit invention also a mediod for 
suppres^g the migration of HIV-infected cdls is provided wheiein said 
15 method comprises sdministering an effective amount of an anti-migration 
2gent to an HIV-infected individual. 

Hie anti-migration agents of the present invention indude any chimeric 
antibody enable of impairing die ability of an HIV-infected T cdl to bind to 
ICAM-1. Chimmc antibodies whidi bind to ICAM-1 will suppress migration 
20 by impaiiing flie ability of tfie ICAM-1 expressed by mv-infected T cells to 
bind to cells expressing a CD11/CD18 receptor. In ord^ to impair the ability 
of a ceD to bind to die CDlla/CD18 receptor it is possible to employ a 
dnmeric antibody capable of binding to ICAM-1. 

Hie agents of die present invention are intended to be provi^ to 
25 rec^»i«at subjects in an ainountsufticient to siqpp^^ the migration of HIV (or 
otiier virally) infected T cells. An amount is said to be sufBdent to 
"suppiess" migration of T cells if tiie dosage, route of administration, eto. of 
the agent are sufBdent to attenuate or prevent such migration. 

The administnition of a chimeric antibody may l)e for either a 
30 "prpphyiactic* or "therapeutic" purpose. Whm provided prophylactically, the 
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chim^c antibody is piovided in advance of any symptom of viral infection 
(for exanq>le» prior to, at, or shortly after) the time of such infection, but in 
advance ofany symptoms of sudiinfecticHi). The prophylactic administration 
of the chimeric antibody serves to premit or attenuate any subsequent 
5 migration of vitally infected T cdls. When provided thmpeutically, the 
chimeric antQ>ody is provided at (or shortly after) the detection of virally 
infected T cdls. The thKq)eutic administraticm of the antibody serves to 
attrauate any additional migration of such T cells. 

Tht antibodies of the present invention may, dius, be provided either 
10 prior to the onset of viral Mection (so as to suitress the antidpated migration 
of infected T cells) or after the actual d^ection of such virally infected cells. 

6. Treatmgnt of Asthma 

In flie thirteenth embodiment of the present invention a chimeric 
antibody cs^le of binding to ICAM-1 is used in the treatment of asthma. 

15 The therapeutic effects of the anti-asthnfii agents of die presrat 

invention may be obtained by providing such agents to a patioit by any 
suitable means (Le. intravoioudy, intramuscularly, subcutaneously, ^terally, 
or parenterally). It is prefmed to administer the agents of the presmt 
invention intranasally as by nasal spray, swab, etc. It is especially preferred 

20 to administer sudi agrats by cHal inhalation, or via an oral spisy or oral 
aerosol. Wha administering agents by injection, the administration may be 
by omtinuotts infusicm, or by single or multiple boluses. 

The anti-asthma agents of the present invention are intended to be 
provided to recipient subjects in an amount suffidrat to lessen or att^uate die 

25 severity, extent or duration of the asthma symptoms. 

The chimmc antibodies of the present invention may be administered 
either alone or in combinatim with one or more additional anti-asthma agrats 
(such as mediylxanthines (such as theojAylline), beta-adrenergic agonists (such 
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as catediolainiiies, lesorctnols, saligouns^ and qihedrine), glucocordooids 
(such as Iqrdrocortisone), dinmiQnes (sudi as cromcdyn sodium) and 
anticbolinetgics (such as atropine), in ord^ to decrease the amount of such 
agoits needed to treat the asthma sy nq>toins. 
5 Tteadministraticm of the cfaimmc antHxKiies of the present invention 

maybefordfliCTa*pri^phylactic"or "tiiei^>«itic" Whm provided 

profdiylactically, die chimeric antibodies are provided in advance of any 
asthma symptom. The prophylactic administratton of the chimedc antibody 
serves to prevent or att^iuate any subsequent asthmatic lespcmse. When 

10 provided th^s^tically, the chimeric antibody is provided at (or shortly after) 
the 01^ of a symptom of asduna. The dier^peutic administration of the 
antibody serves to attenuate any actual asdunatic episode. The antibodies of 
the present invration may, thus, be provided either prior to the onset of an 
anticipated asthmatic episode (so as to attrauate die anticipated severity, 

15 duration or extent of the episode) or after the initiati<m of the episode. 

C. Administration of the Compositions of the Present Livention 

The therapeutic eCfiects of chimeric antibodies capable of bindmg 
ICAM-1 may be obtained by providing to a patient an effective amount of a 
diimeric antibody whidi is substantially firee of natural contaminants. The 
20 chimeric antibodies of flie present invration disclosed hcxtin are said to be 
'aibstantiaUy £ree of natural ccmtaminants" if preparations which contain tiiem 
are substantially firee cAiaterials witii which Utese products are nomuJly and 
naturally finind. 

The present inv^tion extends to chimeric antibodies which may be 
25 iHoduced eithar by an animal, or by tissue culture, or recombinant DNA 
means. 

In providing a patient vAfh a dumaic antibody, die dosage of 
administered agent will vary dqiending upon such factors as die patirat's age, 
weight, height, sex, general medical condition, previous medical history, eto. 
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In gen^, it is desirable to provide the ledpi^t widi a dosage of antibody 
whidi is in the ntnge of firom about 1 pg/kg to 10 tag/kg (body wdght of 
patient), although a lower or higher dosage may be admini^sed. 

A chimeric antibody c^fiable of binding to ICAM-1 may be 
5 administered to patients intravenously, intramusculariy, subcutaneously, 
CTterally, topically inhaled, intranasally, or parenterajDiy. Whra administodng 
an andbody, die administration may be by continuous administiation, or by 
single or multiple boluses. 

A composition is said to be "pharmacologically acceptable' if its 
10 administration can be tolerated by a redpient patient. Such an agmt is said 
to be administered in a "thexs^ieudcally elective amount" if the amount 
administered is physiologically agnifkant. An agent is physiologically 
significant if its presence re^ilts in a detectable change in the jdiyaology of 
a rectpient patimt. 

IS The chimeric antibodies of the preset invmdon can be formulated 

according to known mediods to prepare pharmaceutically useful conqiositions, 
whereby these antibodies are combined in a mbcture with a pharmaceudcaDy 
accq>table carrier vehicle. Suitable vdiides and thdr fonnuladon, inclusive 
of odier human protdns, e.g., human smmi albumin, are described, for 

20 exanq>le, in Remington's Pharmaceutical Sd^ices (16th ed,, Osol, A., Ed«, 
Mack, Easton PA (1980)). In order to form a pharmaceudcally acceptable 
conipositiott suitable for ^ecdve administradon, such compositicms will 
ccmtain an effective amount of a diimmc antibody together with a suitable 
amount of canio* vehicle* 

25 Addidcmal pharmaceutical m^bods may be raq>loyed to control the 

duration of acdon. Controlled release preparations may be adueved tfan»igh 
the use of polymers to complex or absorb the chimeric antibody. The 
controlled deUv^ may be exercised by selecting qqxropriate roacromolecules 
(for example polyest^, polyamino acids, polyvinyl, pyntdidone, 

30 ethylenevinylacetate, mediylcellulose, carboxymediylcellulose, or protairune, 
sulfate) and die ccmcentradon of macromolecules as well as die mediods of 
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incQcporadon in Older to control release. Anodier possible m^od to control 
the duration of acticm by controlled release prq>aiations is to iiKXxiporate the 
dumeiic antibody into partides of a polymeric material such as polyesters, 
polyamino adds, hydrogels^ pdyOactic add) or ethylrae vinylac^ate 

5 copolymm. Altemativdy, instead of incorporating the antibody into 
polym^ particles, it is pos^le to Oitzap these mat^ials in microcapsules 
prepared, for example, by coacervation tedmiques or by interiadal 
polymerization, for example, hydroxymethylcellulose or gelatine- 
microcapsules and poly(m^yhnethacylate) microcapsules, respectively, or in 

10 colloidal drug delivery systms, for example, liposomes, albumin 
microspheres, microemulsions, nanqpartides, and nanoc^sules or in 
macroemulsions. Such techniques are disdosed in Remington's Phanna- 
cratical Sdences (1980). 



MATERIAL METHODS 

IS 1. TncfffniTig CfTis 

Hybridoma cell line R6-5-D6 producing anti-ICAM-1 antibody was 
provided by Boehring^ Ingdhdm Pharmaceuticals Inc. (Lot No. R6-5-D6 - 
E9-B2 0-29-86) and was grown up in antibiodc free Dulbecco's Modified 
Eagles Medium (DMEM) supplemented with glutamine and 5% foml calf 
20 serum, and divided to provide both an overgrown supernatant for evaluation 
and cdls for eactraction of RNA. Hie ovogrown siqmnatant was shown to 
ccmtain murine IgCSa/kappa antibody. Cell culture supernatant was examined 
and confirmed to contain die antibody R6-5-D6. 

2. M^tetffar BiplpgY Rro^yrc?; 
25 Baac molecular biology procedures were as Maniatis et aL (1982) 

^Aaniatis ef oL, Molecular Ooning, Cold Spring Harbor, New Yoik (1982)) 
with, in some cases, minor modifications. DNA sequencing was performed 
as described in Sanger et al, (1977) (Sanger et al., Proc. Natl Acad. Sd. 
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VSA 74:54f3'5461 (1977)) and the Amosham IntematioDal Pic seqaextcing 
handbook. CCK cell eqnessira and metabolic labelling studies were as 
described in Whittle ef a/. (1987) (Whittle et al., Prot Eng. J, 6:499-505 
(1987)). Chinese Hamster Ovaiy (CHO) tiansfections and ceU culture w 
5 performed as described in Gorman (1988) (Gorman, C. , DNA Clomng 2:143- 
190 €d.(mS)) and Bebbington and Hentschd (1988) (Bebbington et aJ., DNA 
Cloning J:163-188 ed. (1988)). 

3. R^ixh Assays 

10 Sup^natants from CHO cdl lines were assayed for secreted light 

chain, after transfection with light chain expression vectors, as the first step 
in the development of stable cdl lines producing whol^ chimeric antibody* 
The procedure was as follows: 

96 well roicrotitre plates were coated with F(ab')2 goat anti-human kappsi light 
15 diain. The plates wctc washed with water and samples added and incubated 
for one hour at room tempeiature. The }dates were washed and F(ab*)2 goat 
anti-human F(ab*)2 Horse radish peroxidase (HRPO) conjugate was dien added 
and incubated for a further hour. Enzyme substrate was then added to reveal 
the reaction. 

20 3^. AiffFCTWIy A^YS 

Assembly assays weie performed on supematants firom transfected 
COS cdls and from transfected CHO cells to determii^ the amount of intact 
IgG present 

3J1A COS and CHO Crih transfected with naoiise genes 
25 The assraibly assay for intact mouse IgG in cell supematants was an 

ELISA with tiie following format:- 

96 wen miaotitre plates coated with F(ab')2 goat anti-mouse JgG Fc. 
The pates were washed in water and samples added and incubated for 1 hour 
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at XDom tempezatuie. The plates weic washed and F(ab')2 goat and-mouse 
IgG F(ab')2 (HKPO coigogated ) was thai added* Enzyme substrate was th^ 
added to leveal tbeieacticm. UPC10» a mouse IgG2a mydoma, was used as 
a standafd. 

S 30.2 COS and CHO Crfls transfertyd with Chtmeric Gmcs 

The assembly assay for intact humanized antirICAM-1 in COS cell 
supematants was an ELISA with the following fonnat: 
96 wdl microtitre plates were coated with F(ab')2 goat anti-human IgG Fc. 
Hie plates were washed and samples added and incubated for 1 hour at room 

10 traiperatuxe. The plates were wa^ed and monodonal mouse anti-human 
kappsi chain was added and incubated for 1 hour at room temperature. The 
plates were washed and F(ab*)2 goat anti-monse IgG Fc (HRPO ccmjugated) 
was added. Enzyme substrate was tfam added to reveal the reaction. 
Chimeric B72.3 (Bodmet et al.. Published Intmiational Pat»t ApplicaticHi 

IS WO 89/01783) QgG4) and pooled, purified human IgG2 and IgG4 (Chemicon) 
were used initially as standards. Later, purified diimcric IgG4 anti*ICAM-l 
was used is a standard for work with diimetic IgGl anti-ICAM-1. The use 
of a monodonal anti-kappa chain in this assay allows the amount of chimeric 
antibody to be read firom the standards. 

20 33. Assay for Antigen Binding ArtlvitY 
33.1 Dfeect Binding 

Malesial from COS and CHO cell supematants and purified cbim^c 
antibodies were assayed for anti-ICAM-1 antigen binding activity onto ICAM- 
1 positive cells in a direct assay. The procedure was as follows: 

25 JY cells (a human B lyn^hobla^id cdl line which constitutively expresses 
ICAM-1 on the cell surfece) wm maintained in culture. Monolayers of JY 
cdls were fixed onto 96 well: ELISA plates usmg pofy-I^lysine and 
parafonnald^yde, and the plates were blocked with a solution of bovine 
serum albumin in PBS. Samples were added to the monolayers and incubated 
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fiir 1 hour at room tenqieratiiie. The plsues were washed g»fly using PBS. 
F(ab')2 goat and-human IgjG Fc (HRPO conjugated) or F(ab*)2 goat anti-inouse 
IgG Fc (HRPO conjugated) was then added as ^ypropriate for humanized or 
mrase samples. Enzyme substrate was tfa» added to reveal the reaction. The 
5 n^ative control to tfaecdl-based assay was chim^B72.3 (IgG4) or pooled, 
purified fammm Ig02 and ]gG4 (Chemicon). The positive control was murine 
R6-5-D6 MAb. 

33J1 Competition Bindmg 

Monolayers of 3Y ceUs were prepared as in 3.3. 1. Antibody samples 
10 were ^ed and incubated overnight at 4^C. Biotinylated anti-ICAM-1 was 
added to all the wells. The mixture was left at room temperature for 2 hours. 
The plates were washed and either strq>tavidin-HRPO or streptavidin- 
betagalactosidase was added. After fiirth^^ incubation enzyme substrate was 
added to reveal the reaction. 

15 I^ympiiQgyte Rffltttw Assays 

Feriphoal blood was obtained fircHn normal, healthy donors by 
venipuncture. The blood (7.5 ml) was layered over 7.5 ml of a 
FicoU/Hypaque density giadirat (Pbarmada, density — 1.078) room 
temperature and centrifuged at 1000 x g for 20 minutes. The cells woe 

20 waAed, counted on a h^nacytometer, and suspended in ItPMI-1640 culture 
medium (Gibco) containing 50 fig/wl gratamydn, 1 nM Lrglutamine (Gibco) 
and 5% heat inactivated (55 C,30 min) human AB sm (Flow Laboratories) 
(hereafter referred to as RPMI-culture medium). 

Perifrfieral blood mcttonudear cells (respmder cells) were cultured in 

25 medium al 6.25 X 10^ cells/ml in Linbro lound-bottomed microtiter plates 

r 

(#76-013-05). Stimulator cdls fiom a separate donor w^ inadiated at 
lOOOR and cultured with the responds cells at the same concmtration. 
Respottder cdls were added to wells, followed by die monoclonal antibodies 
and the stimulator cells were added last. The total volume per culture was 0.2 
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ml. Controls included lesponder cells alone. The culture plates were 
incubated at ST^'C in a 5% C(Vhnfnidified air atmosphere for S days. The 
wells wea^ pulsed with 0.S uQ tcitiated tiiymidine C^SF) (New England 
Nuclear) for Qie last 18 hcNirs of culture. 
S The cells were harvested onto glass fiber filters using an automated 

muU^Ie sample harvester (Skatran, Norw^), rinsing with distilled water. 
The filters were oven dried and counted in Beckman Ready Safe liquid 
sdntillaticm cocktail on a LKB Bets^late liquid sdntillation counter. 

3.4 YivQ AgSftYS 

10 3.4.1 Motfifigtf jg^wartzmanq yyftctfQp 

The local Schwartznmnn reaction in rabbit skin can be produced by an 
Ld. injection of ^otoxin followed by an i.v. challenge injection of zymosan 
18-24 hrs. lat^. The hemonbagic neccoas that develops in the previously 
injected skin dtes is diara^tedzed by mictothronibi, intravascular neutrophil 

IS aggregation, platd^ and fibrin depoation, vascular permeability increases and 
massive extravasation of raythrocytes (RBQ. We have modified this protocol 
for use in the Cynomologous monkey. Sqparate, distinct skin sites were 
injected Ld. with endotoxin (3 /tg/site) or normal saline and 18 hours later 
these same sites w^ injected with s^mosan (300 ;tg/site). The resulting 

20 inflammatory response was quantitated at 6 hours post-zymosan by measuring 
the increase in vascular pCTieability in the endotoxin-injected sites compared 
to tiie saline-injected ates uang *^-BSA. Hie inhiWlory effect of R6.5 (anti- 
ICAM-1), the IgGl, IgG2, and IgG4, chimerics of R6.5 and R15.7 (LFA-1 
beta) were compared to that of normal mouse IgG. All IgG preparations were 

25 administered Lv. at 3 mg/kg prior to die zymosan injections. 

Results 

4. CDNA Librar y Construction 

4.1 mRNA Prep aration and cDNA Svnthesfe 



10/11/2006, EAST Version: 2.1.0.14 



wo 91/16928 



PCr/US91/a2946 



-43- 



Cells were grown as described in Section 1 and 1«4 x l{p cdls 
harvested and mRNA extracted using the guanidiniuni/LiCl extiaction 
procedute. cDNA was piepaxed by priming firom OligcHlT to gramte iiill 
length cDNA. The cDNA was mediylated and EcoSI Unkers added for 



4.2 lifrrary ConsfriPctfon 

The cDNA library was ligated to pSP64 vector DMA which had been 
EcoSI cut and the 5 ' phosphate groups removed by calf intestinal phosphatase 
(EcoRI/dP). The ligaticm was used to transform high transfonnaticMi 

10 eCBdsicy Esdierichia cott HBlOl (K coU HBlOl) from Bediesda Research 
Labs (ERL) in the case of the light chain and E, coU LM1Q35 prepared by 
electrqpoiaticm (Dower ei al., NucL Acids Res. 16:6127 (1988)) in die case 
of the heavy clmn. cDNA libraries wm prepared. 11600 cdcMiies were 
screoied for the light chain and 25000 colonies were screened for the heavy 

IS cham. 

5. Srrffffiing 

£ coU colonies positive for dther heavy or light chain probes w^e 
identified eidi^ by oligonucleotide screraing using the oligonucleotide: 5' 
TCCAOATGTrAACTGCTCAC for the light chain, which is complmtoitary 

20 to a sequence in the mouse kappa, cmstant region, or by using a 980 bp 
BaniHI-EcoRI restriction bagmmt of a previoudy isolated mouse IgG2a 
constant region done. 6 light diain and 10 heavy chain clones were identified 
and taken for second round scre^iing. Positive dones fiom the second round 
ofscreening were grown up and DNA prepared. The sizes of die gene ins^ 

25 were estimated by gel dectrophoresis and DNA ins^ of a size equable of 
containing a full length cDNA were sequenced. 



clcmng. 
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6. PNA iSwnifnging 

DNA sequraoe for ttie 5* untranslated legicms, signal sequences, 
variable legicms and 3* untranslated n^ons of fiill lengdi cDNAs wefe 
obtained and are ^ven in Hguie 1 for the light chain and Figure 2 for the 
5 heavy chain. 

7. CoBgfrqctf TO of cPNA Ewrcsrfftii Yectgrg 

CellTech esqnesdcm vectors are based on the plasmid pEE6-hCMV as 
^own in Figure 3 (Bebbington, Published fotonational Patent 

Application WO 89/01036). A polylinker for the insertion of gaies to be 

10 eiqyressed has been introduced after the major inunediate early 
piDnK>t&/enhanceof diehunmCytomegalovinis(hCMV). Madoer genes for 
selecticn) of the plasmid in transfected eukaryotic cdls can be inserted as 
BamHI cassettes in the unique BamHI site of pOBE6-hCMV. It is usual 
practice to insert fiie neo and gpt markers prior to insertion of the gene of 

IS intsest, wtoeas the GS marker is inserted last because of the presence of 
internal EcoRI sites in the cassette. The selectable markers are expressed 
hom the SV40 late promoter which also provides an origin of r^licadon so 
diat die vectors can be used for eTcpression in the COS cell transimt 
eapressim syst^. The mouse sequraces were excised as EcoSI fragments 

20 and dcmed into dther EE6-hCMV'neo for the light chain (Figure 4) and into 
EE6-hCMV-gpt for die heavy diain (Figure 5). 

8. Expression of cDNAs in ms celb 

Plasmids p ALS (E^gure 4) and pAL6 (Figure 5) were co-transfected 
into COS cells and supernatant £com the transLont expresaon e:q)enment was 
25 shown to ccmtain assembled antibody which bound to JY cdls (E^ure 6). 
Anabolic labelling experiments using ^S methionine showed e]q>ression and 
assenddy of heavy and light chains. 
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9. CftnstrticBon ftf Cipimgric fiCTff? 

Coostracticm of cMsn&ac gmes f<dlowed a previously described 
strategy (Whitde^f oZ. 1987» (Whitde^rof., Pn>t. Btg. 1, 5:499-505 (1987)). 
A lestricdoD site near die 3 ' end of die variable domain sequeoce i s identified 
5 and used to attadi an oligonudeodde adapter which codes for the remainder 
of die mouse variable region and includes a suitable restriction site for 
attadunrat to die constant r^on of dioice. 

9.1 T«lrt Chflin Cct? ConstTffrtiQP 

The flUNise light chain cDNA sequence showed an SfaNI dte near the 

10 3' end of the variable region. The majority of the sequence of the variable 
r^ion was isolated as a 397 bp. £coKI-S&NI fragm^t An oligmudeotide 
adq>t^ was designed to rq>Iace the remainder of the 3 ' region of the variable 
region fiom the S&NI site and to indude the 5' residues of the human 
constant region up to and induding a umque Narl site whidi had been 

15 previcHisly CTgineered into the constant region. Hie link^ was ligated to the 
human Qc gene in Narl cut pBB32 and the S&NI-EcoSI adapted fiagment 
was purified fiom die ligation mixture. The constant region was ligated with 
die EcDia-SiaNI cut variable region DNA into an BcoSVCIP pEB6-hCMV* 
neo treated vector in a three way reaction. Clones wm isolated after 

20 tiansfonnadon into £1 coli and the linker and junction sequmces were 
confirmed by DNA sequencing. 

Figure 7 shows the strategy for construction of the chimeric light chain. 
9J2 Heavy Chain Gene Constmction 

9.2.I. (Jioice of ff fflvy C^'" fff ^?=OtYPf 
25 Chimeric heavy chain genes coding for both human IgG2 and lgG4 

iso^pes were cmstructed. 
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10 



15 



20 



9.2^* Gene Constroctloii 

The heavy cham cDNA sequrace showed a BanI site near the 3' end 
of the variable region. The majodty of the sequern^ of die variable legion 
was isdlaled as a 424bp EcoRI/CIP/Bahl firagment An oligonudec^ 
ads^t^ was deagnated to rq>lace die lemainder ctf the 3* ipgion of the 
variable i^ion finom die BanI site iq» to and inchiding a unique Hindm site 
whidi had been previoosly engineered into die first two amino adds of die 
constant r^on* The Imter was ligated to the goie fragments in Sndl^ 
cutpBB41 andpSBll and die Banl-BamHI adapted constant region fragments 
were purified from die ligation mixture. The EcoSI-Banl vari^le i^on 
ficagment was ligated to eadi of the constant regions and into die eaqxression 
vector (BcoRI/Bdl/CIP treated pEE6-hCMV-gpt) via a three way ligation. 
Clones were isolated after transformation into R coU HBlOl and the linker 
and junction sequences were ccmfinned by DNAsequ»cing. FigureSsbows 
the stiat^ for die constructicm of die diimmc IgG2 and IgG4 heavy dcuns 
and Figure 9 shows an oufline plasmid map of pAL8 (IgG2) and pAL9 
agG4). 

9^3 UGl Heavy Chain Gwip ronstmctioii 

Flasmid pElOOl is an exi^essicm vector based on pEE6.hCMV gpt 
It ccmtams the human IgGl constant region gene. The Apal rite vrtiidi occurs 
at the 5th and 6th codon of the Chi domain is unique in this vector^ as is a 
Hmdm rite 3' to die hCMV promoter. The VH region of die antirICAM-1 
heavy chain goie Oxmg widi die sequence encoding the first five leridues of 
human CHI was isolated from pAL9 and inserted into pElOOl, iroviouriy cut 
widiHindinandApaI,ti>gEvepIA200. The CHI residues carried over from 
pAL9 are identical to those fi>r IgGl thoefore no novd sequence is gmeiated 
at die V-C junction. 
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10. Constrnctiop ^ C»^"T«if ^^css^tm Vertn^ 
10.1 GS Separate Vectors 

GS versioas of pAL7, pAL8 and pAL9 (Figures 7, 8 aad 9) were 
cQDstmcted by iqdadng the neo and BamHl cassettes wilb a 5.9Kbp 
5 cassette ccmtainingfte OS gene enable of beiiig expressed firomtte 
jponMBX (See Figures 7» 10-12 for plasmid drawings). 

11. Egprcsrfon rf Chimeric Genes 
11.1 Expression In COS Cells 

The chimeric antibody plasmid pAL7 (cL)» with either pAL8 
10 (cHIgG2), pAL9 (cHIgG4), iff pJA200 (CHIgGl) was co-txansfected into COS 
cells and sopematant fiom the transient estpiesaon e3q)^iment was ^wn to 
contain assembled antibody ^liiich bound to the JY human B-cell line. 
Metabcdic antibody which bound to the JY human B-cdl line. Afetabolic 
labdHng eq)eriments using ^ methionine ^owed expres^on and assembly 
IS of heavy and light chains (Figure 13). AH diimeric antibodies bound well to 
the JY cells. Howev^^ die competitioh assay showed that antibody derived 
£com the cL/cHIgG2 or the cUcHIglG4 combination did not compete as well 
as the biotinylated mouse antibody for ICAM-1. The cI/cfllgGl antibocty 
competed b^t^ than die cL/cHIgG2 or cL/cHBIgG4 antibodies. 

20 11.2 Eroressicm in ChinesR Ham^gter Ovary (CHO> Cells 

Stable ceil lines woe prepared as follows: Chimeric light chain 
express vectors pAL7 and pALlO containing eidier the neo or GS markers 
were transfected into CHO-Kl cells by the CaP04 predpitation procedure. 
After gtowdi cm selective medmm, positive cell lines were idoitified and thear 

25 apedfic production rates measured using and ELISA format assay for 

r 

detecticm of secreted light cfaam. The two cell lines seoedng the highest 
levds of light diain (see table bdow) were sdected and retransfected with 
either pAL8 or pAL9 to introduce the IgG2 and IgG4 chimeric heavy diain 
g»es along widi the gpt marlo^. 
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1 CELLLINE 


SELECTABLE 
MARKER 


SPEOEIC PRODiUCnON 
RATE ^./ceO/day) 


1 ^ 


neo 


2.1 


1 ^ 


neo 


0.9 


1 ^ 


GS 


2.0 


1 27 


GS 


2J 



Around 24 lines diown to be secreting chimedc antibody by assembly assay 
ELBA were takoi from each transfection. Specific production rates were 
measured and the 8 lines with the highest specific production rates are shown 
10 below. 



CELLLINE 


SPECIFIC FRODUCnON 
RATE (pg./Cell/day) 


neo 24 G2-9 


6.9 


neo 24 G2-233 


9.0 


neo 24 G4-19 


3.0 


neo24G4-22 


4.2 


neo 24 G4-24 


7.5 


GS 25 G2-12 


11.7 


GS 25 64-5 


2.1 


GS 27 G4-8 


2.3 



The chimeric IgGl heavy chain expression vector pJA200 containing 
die gpt marker was transfected into the chimeric light chain expressing cell 
line neo24 by the CaP04 predpitatiOT method. Spedfic production rates were 
measured, the 4 best lines are shown below. 
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1 CELLUNE 


SPECIHC PRODUCnON 
RATE (i)g./ccsll/day) 


24.1.48 


3.75 


24.2.7 


1.2 


24.1.41 


1.3 1 


24.2.11 


1.75 



12. Pnrifirfltini^ nf rhjitrmf Antl^lHlY 

Antibody was purified fiom 2xlL baivests of supmiatant fiom roller 
cultures for cell lines GS 25 G2-12, neo 24 G4-24 and 24.1.48, and also fiom 
10 2x0.5L harvests firom neo 24 G2-9 by afiRnity chromatpgn^y using Protein 
A Sq^haiose. Cdl culture supematants were adjusted to pH8«8 with 0.2M 
sodium glydnate and applied toaprotein ASepharosecohunnwhidihadbeen 
pie^uilibratedwithglydne/glycinatebu£ria^atpH8.8. After the samples bad 
been loaded the column was washed with equim>ration buffer. The antibody 
IS was then eluted by ajiplying a solution with a decreasing pH gradient 
ccmsisting of 0»2M disodium hydrogen phosphate and 0.1M citric acid. 
Antibody containing fiactions were pooled and die pH adjusted to 6 Jf the 
samples west then dialyzed against phosfdiate bufiered saline (PBS). Purity 
and correct assmbly of die antibody was tested by reducing and non-redudng 
20 SDS-polyacrylamide gel electrophore^ (SDS*PAGE) (Fig. 14) and by high 
p^onnance liquid dtromatogr^hy (HPLC) gel filtration (Rgure 15). 
Identic was confirmed by N-tmninal amino acid sequencing and amino acid 
composition analyas. 

13. Anatm of ytffifirf AiitifrwiY 

25 13.1 Results of Direct Binding and CompetiHve Hiniling A^y^ 

All chimeric antibodies bound well to the JYc^ (Figures 16 and 17). 
However, in competition assays only die cUcBIgGl antibody competed neady 
as well as the mouse antibody against the biotinylated mouse antibody for 
binding to ICAM (Fig. 18). The cUcHIgCW antibody showed about 30% of 
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die inhibitory activity of the mouse antibody (Fig. 19) and the cL/cHIgG2 
antibody showed about 10% of the inhibitory activity of the mouse antibody 
(Fig- 20). 

Tliese data show diimericanti-ICAM-l antibodies derived £tom R6-S- 
5 D6 have dififeroitantig^ binding activities dep»iding<misotype. Tbe|gGl 
antibody is nearty as avid as the mouse paimt antibody. The IgG4 antibody 
as 30% of Ute competitive binding activity of the mcnise antibody, the IgG2 
has 10% relative activity. This result is unexpected as all these antibodies 
have identical binding sites. We attribute these difiTeiences to avidity 
10 alt^ations imposed on die antibodies by the differing hinge flexibility of the 
isotypes. Affinity measuremoits of tiie chimeric IgG4 Fab have ^wn that 
this has the same afGnity as the mouse Fab thus confinning diat it is the 
avidity that has altmd in construction of the ciiim^c IgG4. 

13.2 Resplts rtr Mixed Lvmphocvte Reaction Assays 
IS The MRL which is an in vitro model of transplantatira was inhibited 

by the chimeric ^04 and ^Gl to comparable extent as die mouse i6-5-€D 
antibody. This shows diat the chimeric MAb will mhibit specific 
immunological evmts and can thus be used in in viyp autoimmune and 
transplantation sitings (see Fig. 21). 



13-3 Results of Modified Sciiwartanann R eartion Assays 

The primate Scfawartmann reaction was s^ up to test granulocyte 
function in tfie presence of an anti-ICAM-1 MAb. The chimerical 
was slightty moreactrve tlian the mouse MAb whidi in turn was slighdy more 
active in inhibiting activated n^trophil mediated vascular leakage than the 
diimeric IgG4 in tiie primate model. This demonstrate that tiie chimeric anti- 
ICAM-l's win be effective in mitigating neutrophil mediated damage 
associated with leporfiision injury and other acute inflammatory disorders (see 
Fig. 22). 
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h A cbimeric antibody mdecule conqnising heavy and/or Hght 
chain variable legions of an anti-ICAM-1 antibody. 

2. Ihe chimeric antibody maleode of ctaim 1 which is a 
5 humanized dumeric antibody. 

3* The chimeric antibody molecule of claims 1 or 2 having 
attached to it an effector €fr repoitcr molecule. 

4. The chimmc andbody molecule of claims 1-3 conq>ri^g at 
least one dumeric heavy chain and at least one diimeric light chain. 

10 S. The ddm^ antibody of claims 2-4 con^prising IgG htmian 

constant i^on domains. 

6. The chimeric antibody of daim 5 comjoising IgG2 or IgG4 
human constant region domains. 

7. The diimeric antibody of claim 5 compoMng IgGl human 
IS constant region domains, 

8. The diimeric antibody of claims 1-7 wheidn said chimeric 
antibody has binding spedfidty for the same or similar epitqpe(s) as the R6-5- 
D6 antibody. 

9. The chimeric antibody of claims 1-8 wherein said chimeric 
20 antibody is derived fiom the R6-SrD6 antibody. 
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10. A DNA sequence mcoding the heavy or light chain variable 
i^on of an and-ICAM-l antibody. 

11. A DNA mdecole oicoding a dhimedc heavy or light chain 
comprising the variable i^ion of an and-ICAM-l antibo(ty. 

5 12. TheDNAofdaim 11 iK^iich codes for a humanized chimeric 

heavy or light chain. 

13. The DNA of claim 12 coding for a himianized diimeric heavy 
chain comprising human Ig<3 constant regicm domains. 

14. The DNA of claim 13 comprising a human IgG2» piefexably 
10 IgG4 or espedally 1^61 constant j^^m domains. 

15. A vector omipri^g DNA according to any of claims 10-14. 

16. An expression vector compridng in operative combination DNA 
coding for a dumeric anti-ICAM-1 light chain and a chimeric anti-ICAM-1 
heavy chain. 

15 17. A host cdl transfonned with a vector according to claims 15 

or 16. 

18^ A process for die prodwrtion of an anti-ICAM-1 humanized 
dumeric antibody comprising: 

(1) producing an expression vector comprising an cperon 
20 having a DNA sequence which encodes an antibody heavy or light chain 
TiAtoein at least one of ttie CDRs of the variable domain are derived ftom a 
nOT:4mman (rodoit) anti-ICAM-1 antibody and flieremainingimmunoglc*ulin- 
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dmved parts of the antibody dmin are dedved from a human 
immunoglobului; 

C2) pcDdndi^ an expression vector conqoi^g an opeat>n 
having a DNA sequmce wMdi oioodes a complementary antibody light or 
5 heavy diain wherein at least oat of the CDRs of die variable domain are 
derived fiom a rodmt (non-human) anti-ICAM-1 antibody and the imaining 
immunoglobulinrd^ved parts of the antibody chain are derived fiom a human 
immunoglobulin; 

O) transfecting a host cell with each vector; and 
10 (4) culturing die transfectedcellline to produce the chimeric 

antibody. 

19. A method of treatmmt comprisng administering an effective 
amount of an antibocty product ^xoiding to any one of claims l-9toabuman 
or ammal subject 

15 20. A method for treating inflammation resulting from a response 

of the specific drfense system in a mammalian subject which craiprises 
providing to a sutgect in need of sudi treatment an amount of an anti- 
inflammatory ag«t suffidrat to suppress said inflammaticm » vrti^dn said anti- 
inftammatory agent is a dnmeric antibody capable of bimling ICAM-L 

20 21. The in^hodofclaim20y wherein said chiineric antibody is cme 

or more of the antibodies of claims 1-9. 

22 . The method of daim 20, wherein said inflammation is a dday ed 
type hypersmdtivi^ reaction. 

r 

23. The method of daim 20, ^odn said inflammation is a 
25 synq>tom of psoriasis* 
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24. The metbod of daim 20, whecem said inflammaticm is a 
symptom of an autoimmiune disease. 

25. The melluxl of claim 24, whemn said autoimmune disease is 
selected firom the gnmp consisting of Reynaud*s syndiome, autoimmune 

S thyroiditis, EAE, multqde sclerosis, dieomatoid arthritis and lupus 
erythematosus. 

26. The method of daim 20, \^erdn said inflammation is in 
response to organ transplant rejection. 

27. The method of claim 26, wherein said organ transplant is a 
10 kidney transplant. 

28. The method of claim 20, whodn said inflammation is in 
respcmse to tissue graft igection. 

29. The mediod of claims 20 which additionally conqnises the 
administration of an ag«it selected firom the group consisting of: an antibody 

15 capable of Wnding to LFA-1; a functional derivative of said antibody, said 
functional dmvative bring capable of binding to LFA-1; and a n<m- 
immuttpglobulin antagonist of LFA-1. 

30. A method for treating inflammation resulting from a response 
of the n(m-spedfic defiense system in a manunalian subject wWdi comprises 

20 ittovicfing to a subject in need of such treatment an amount of an anti- 
inflammatory ag^t sufBdoit to suppress said inflammation, wherein said anti- 
infhmmat ory ag»t is a diimetic antibody c^iable of binding ICAM-l. 

31. The method ofdaim 30 wherein said inflammation is associated 
with a condition selected from the gmop consisting of: adult respiratory 
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distress syndnmie; multq>le oigan injury syndrome secondary to sepdceniia; 
multtple organ injury syndrome secondary to trauma; icperfiision injury of 
tissue ^nite gkmierulonqduitis; reactive ardiritis; dennatosis with acute 
inflammatoiy conqxMieQts; a cmtral n^vous system inflammatory disorder 
5 e.g. strobe; ttiermal injury; braodialysis; leulcqfdiemsis; ulcerative colitis; 
Crdm's disease; nem>tizing ent^ocolitis; granulocyte transfusion associated 
syndrome; and ^tokine-induced Umdly. 

32. Hie mettod of claims 30 or 31 wherein said chimCTC antibody 
is one or more of the antibodies of claims 1-9. 

10 33. A method of sitppres^g the metastasis of a h^atopoiedc 

tumor cell, said cdl requiring a functicmal member of the LFA-1 &mily for 
migration, whtdi method comprises providing to a patient in need of such 
treatmrat an amount of an anti-inflammatory agent suSdent to suppress said 
metasta^Sy wherein said anti-inflammatory agmt is a chimeric antibody 

15 c^le of binding ICAM-1. 

34. The method of claim 33, wb^ein said chim^ antibody 
capsble of binding to ICAM-1 is selected firom die group of antibodies of 
daims 1-9. 

35. A method of suppressing the growth of an ICAM-l-expressing 
20 tumor cdl which comprises providing to a patient in need of such treatment 

an amount of a toxin snfiicient to suppress said growth, said toxin consists of 
a toxin-deiivatized chimoic antibody csQ>able of binding to ICAM-1. 

36. A method for treating viral infection in an individual in need 
of sudi treatment, wherdn said method comprises providing to said individual 
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an amount of a ddmeiic antibody capable of binding ICAM-1 saffideat to 
suppress viral infection. 

37. The mediod of claim 36, wberdn said viius is a ifainoviTus of 
the major scfotype within the gssm Kcomaviridae, a group A coxsacldevinis, 

S or a Mago virus. 

38. The method of claim 37 wherein said virus is a ifainovirus of 
the major serotype. 

39. The m^iod of any of claims 36-38 wherein said chimeric 
antibody is at least one of the antibodies of claims 1-9. 

0 40- A method for snppiesdng the infection of leukocytes with HIV» 

whidi comprises administedng to a padent exposed to or infected by HIV, an 
^fective amount of an HIV-1 infection suppr^on agent, said agent being a 
diimedc antibody capable of binding to ICAM-1. 

41. The method of claim 40 whwdn said HIV is HIV-1. 

5 42. The mettiod of any one of claims 40 or 41, wherein said 

chimraicantibodyisatleastoneof the antibodies of claims 1-9. 

43. A method for suppresang the extravascular migration of a 
virally infected leutocyte in a patient having sudi a leukocyte, which 
comprises ad minis f eri ng to said patioit an effective amcmnt of an anti- 

0 migratfon ageit, said agoit bang a chimeric antibody c^le of impairing die 
ability of said leukoqrte to bind to ICAM-1. 

44. The method of daim 43, wherein said viially infected ceiDs are 
infected with mv. 
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45. Hie method of claims 43 or 44, inlieieiii said chimeric antibody 
is at least one of the antibodies of daims 1-9* 

46* A mediod for treating asthma in an individual in need of such 
treatmmty wherein said mediod comprises providing to said individual an 
5 amount of a dhimeric antibody capable of binding ICAM-l sufiSdrat to 
suppress asthma. 

47. The method of claim 46 \(4ierein said chim^c antibody is at 
least one of the antibodies of claims 1-9. 

48. The method of any one of daims 19-47 wh^dn said humanized 
10 dumeric antibody is administered by entasl means, parente^ means, topical 

means, inhalation means or intranasal means. 

49. The method of daim 48 wherein said humanized chimeric 
antibody is administered pro^iylacticalty. 

50. The method of claim 48 wh^dn said humanized chimeric 
15 antibody is administ^ed thefq)^tically. 

51. The method of daims 48, 49 or 5Q wherein said parenteial 
means is intramuscular, intrav^ous or subcutaneous. 

52. Apharmaceutical c(mq}ositionc(mipri^g the anti-inflammatory 
Bgent of any cme of daims 1-9 in combination with a pharmaceutically 

20 accqilable carrier. 

r 

53. The jdiannaceutical .composition of daim 52 in combination 
with at least one other immunosuppressive agent 
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54. A m^hod of diagnosing an ICAM*l-expressing tumor cdl in 
a mammalian subject which compiis^: 

(a) administmng to said subject a co]iq)osition containing 
adetectably labdeddumenc antibody oqiabte of binding to and 
5 (b) detecting said chimeric antibody bound to said ICAM-L 

55. A metiiod of diagnosing inflammation in a mammalian subject 
^Kiiidi oMnprises: 

(a) incubating a sample of tissue of said subject with a 
con^ositicm containing a detectably labeled chimeric antibody esprit of 

10 binding to a cell wludi ex^nesses ICAM-1, and 

(b) detecting said chimeric antibody bound to said cell. 
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CHIMERIC IGG2 VS. R6-5-6D, JY CELL ELISA 




LEGEND AAA R6-5-6D □□□ CHIGG2 

Fig. 20 

SUBSTITUTE SHEET 



10/11/2006, EAST Version: 2.1.0.14 



wo 91/16928 



PCr/US91/02946 




CM 

d) 



o 
o 





^////////. 




o 



to 



in 

CM 



o 

CD 



o 

CD 



o 



o 

CM 



% Inhibition 



E 



SUBSTITUTE SHEET 



10/11/2006, EAST Version: 2.1.0.14 



wo 91/16928 



PCr/US91/02M6 




•/« INHIBITION VS. NORMAL mIgG 
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